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APPEXDIX A. Procedure Used By the  California  Department of Fish and  Game to 
Prepare H n u r d  Assessments. 

The  California  Department of Fish  and Game  (CDFG)  Pesticides  Investigations  Unit  assesses 
the hazard of pesticides to aquatic organisms. The hazard  assessment procedure includes 
evaluation of toxicity  studies,  establishment of the Water Quality Criterion (WQC) and 
assessment of potential  hazards. 

Acute  and  chronic  toxicity  data  are  obtained Erom studies published in scientific literature and 
laboratory  reports required by the  U.S.  Environmental Protection Agency for pesticide  registration.  The 
CDFG  evaluates  the  quality of these  data by evaluating the tests for  compliance  with standards (ASTM 
1988,  1992) for test type, method,  design, species and for water quality standards and toxicant 
monitoring  and  maintenance.  Although  a study need not  comply  with e m y  standard, tests are rejected if 
they do not  observe certain fundamental procedures or if several important standards are not  met. 
Studies are also  rejected if they do not contain  sufficient  information to be properly  evaluated  and  the 
necessary information  cannot be obtained 6om the researcher. , 

Acute  toxicity  data &om acceptable tests on 6eshwater and  saltwater organisms are used to 
determine  a Final  Acute  Value  (FAV).  The  USEPA (1985) guidelines  recommend eight 
categories of freshwater and satwater organisms for deriving eeshwater and saltwater FAVs. 
Generally, these categories of organisms are available,  commonly used, and testing procedures are 
outlined 

The FAV  is  calculated as follows: 
1. Species  Mean Acute Values (SMAV) are calculated as the geometric  mean of LC, 
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and  EC,  values from all accepted  toxicity tests performed on that species. 

2. Genus  Mean  Acute  Values (GMAV) are calculated as the geometric mean of all 
SMAVs for each  genus. 

3.  The  GMAVs  are  ranked (R) &om “1” for the lowe& to “IT‘ for the highest.  Identical 
GMAVs are arbitrarily  assigned  successive ranks. 

4. The  cumulative probabi i  (P) is calculated for each GMAV as R! (N+1). 

5 .  The four GMAVs with cumulative  probabilities  closest to 0.05 are selected. Iffewer 
than 59 GMAVs are available, these will always be the four  lowest GMAVs. 

6.  The FAV is calculated using the selected GMAVs and  cumulative  probabilities (P), 
as follows: , 

L =[ (In GMAV) - S (X ( f i )  )*]I4 
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A=S(vTmJ+L 

FAV = eA 

Chronic  tosicity  data from acceptable tests on freshwater  and saltwater organisms are used to 
detemrine  a Fina Chronic  Value  (FCV).  If  data are available for the eight families, the FCV  is  calculated 
using  the same procedure as described for the FAV. If sufficient data are not  available, the foUowing 
procedure is used: 

1. Chronic  values are obtained by calculating the geometric mean of the NOEC and 
the LOEC  values 6om accepted chronic toxicity  tests. 

2. Acute-Chronic ratios (ACR) are  calculated for each  chronic  value for which  at least  
one  corresponding acute value  is  available.  Whenever  possible, the acute test (s) should be 
part of the  same  study as the chronic test. 

3. The Final ACR  (FACR)  is  calculated as the geometric mean of all mean ACRs 
available  for  both  freshwater  and saltwater species. 

4. FCV = FAV I FACR 

Plant  toxicity  data  from  algae or aquatic vascular  plants are used to determine  a Final Plant 
Value O-pV). The WV is  the  lowest  resuit f?om a test with a biologically  important  endpoint. 

The USEPA  guidelines specify that a WQC consists of two concentrations, the Criterion 
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hhximum Concentration ( M C )  and the Criterion  Continuous Concentration (CCC). The CMC 
is equal to one-half the FAV.  The CCC is equal to the lowest of three values: the FCV, the FPV, 
or the Final Residue Value (FRV). The FRV is  intended to prevent  pesticide  concentrations in 
recreational or commercially important species from afFecting marketabii  because of excedence 
of applicable  action  levels  and  to protect important  resident species (USEPA 1985). 

The WQC is stated as follows: (freshwater I saltwater) aquatic organisms should nat be 
affected unacceptably if the four-day average concentration of (pesticide) does not ex& (CCC 
value) and Xthe one-hour  average  concentration does not exceed (CMC value)  more than once 
every three years on the average (USEPA 1985). 

Hazard  assessment  is an iterative process by which new data are evaluated to r e h e  the WQC. 
Hazard assessments  frequently  recommend additional toxicity tests with sensitive  native  species 
and  commonly  used test organisms listed by ASTM. 
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.\, APPESDIX B. Abstracts of Accepted and Unaccepted Acute and  Chronic Toxicity Tests 

Reviewed for Hazard Assessment. 

Accepted acute toxicity tests- The follohing tests used accepted test methods 

Bailev  et al. (1997) - In 1996,48- and  96-h acute static toxicity tests were conducted by the U.C. 
Davis  Aquatic  Toxicology  Laboratory  and  AQUA-Science  Laboratory in Davis,  California  with 
mixtures of diazinon  (99%)  and chlorpyrifos (99%) on <24-h cladoceran Cerioalphnia dubia. 
Five  combinations of concentrations were tested  with four replicates  and  water controls were 
used. Water  quality  parameters during the tests were:  temperature of 24 to 25°C;  dissolved 
oxygen of 7.6  to 8.4 rnglL; pH of 7.40 to 8.23;  and hardness of 80 to 100 m& as CaCO,. 
Control survival  was  acceptable. The 96-h LC,,,  values  were 0.32 and  0.35 pgk for diazinon and 
0.053 and 0.055 p@ for chlorp)rifos. Based on the ratios of concentrations tested, the 96-h 
LCw values for the mixture tests were 0.23  and 0.24 pg5 for diazinon and 0.020 and 0.024 &L 
for chlorpyrifos. 

Brown et al .  (1997) - In 1997,  a 96-h BCUte static toxicity test was  conducted by the Dow 
Chemical  Company  Toxicology  Research  Laboratory in Midland, Michigan  with chlorpynfos 
(98%) on juvenile  amphipod Hya[eUa Grew. Six concentrations  and  a  control were tested in 
replicate.  Water  quality parameters during the test were: temperatun of 18 2 1°C; d i s s o l v e d  
oxygen of>93% saturation; pH of 7.1 to 7.8; and  hardness of 166 mgL as CaCO,. Control 
survival  was  at least 90% and rnortalrty tange was  acceptable.  The 96-h EC,,, value for 

A 
.' ;. . . ... ; ..:, ,' . .\ chlorpynfo~ was 138 w. . . .. 

CDFG (1999a) - In 1999, a 96-h acute static toxicity  test was conducted by the California 
Department of Fish  and Game Aquatic  Toxicology  Laboratory in Elk Grove, California with a 
mixture of diazinon (87%) and chlorpyrifos (99.8%) on <24-h cladoceran C e r i - h  dubia. 
Five concenuations and watm and solvent controls were  tested. Water quality parameters during 
the test were:  temperature of 24.2 to 25.6"C;  pH of 8.03 to 8.60;  dissolved oxygen of 4.50 to 
8.20 rngL; and  hardness of 176 to 178 I@, as CaCO,. Control survival was 1ooOh and 
mortality range  was  acceptable.  Based on the ratio of concentrations tested, the 96-h LCm values 
were 0.02 pgk for  chlorpyrifos  and 0.15 pg5 for diazinon. 

CDFG (1 999~1- In 1999, a 96-h acute static toxicity test was  conducted by the California 
Department of Fish  and  Game  Aquatic  Toxicology  Laboratory in Elk Grove, Califomia with 
chlorpynfos (99.8%) on <24-h cladoceran Ceriouhphnia dubia. Five concentrations  and water 
and solvent  controls  were  tested. Water quality  parameters  during the test were: temperature of 
24.0  to 252°C; pH of 7.45 to 8.47;  dissolved  oxygen of 7.45 to 9.10 m a ;  and hardness of 176 
to 178 mg/L as CaCO,. Control survival  was 1OPh and mortality range was acceptable. The 96- 
h LC, for chlorpyrifos was 0.038 pgL. 

CDFG (1998a) - In 1998, a 96-h acufe static toxicity test was  conducted by the California 
Department of Fish  and  Game  Aquatic  Toxicology  Laboratory in Elk Grove, California with 
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diazinon (S7%) on  juvenile snail Physu sp.. Five concentrations and a water control were tested. 
Water quality parameters  during the t e s t  were: temperature of 21 .O to 22.4"C; pH of 6.72 to 8.18; 
dissolved ovgen of 4.12 to 8.81 mg&; and hardness of 110 m g L  as CaCO). Control survival 
was 95?6 and mortality range was acceptable.  The 96-h LC, for diazinon was 4.41 p@. 

CDFG (1998b) - In 1998, a 96-h acute static toxiaty test was conducted by the  California 
Department of Fish  and Game  Aquatic Toxicology Laboratory in Elk Grove,  California  with 
diazinon (87.3%) on <24-h cladoceran Cerio&phiu dubia. Five  concentrations  and  a water 
control were tested. Water  quality  parameters  during  the test were: temperature of 24.2 to 
25.2'C; pH of 7.62 to 8.19; dissolved  oxygen of 6.23 to 8.37 m a ;  and hardness of 116 mg/L as 
CaCO,.  Control sunival was IW? and  mortality m g e  was acceptable. The 96-h LC, for 
diazinon was 0.436 pa. 
Crioe (1994) - In 1994.96-h acute static toxicity tests were conduaed by the U.S. Environmental 
Protection Agency in Gulf Breeze, Florida  with  diazinon (99??) on Q4-h mysid h@skfopds W i u  
and 3 to 5-d  pink  shrimp Penueus duorarum. Five  concentrations  were tested in replicate with 
seawater and  solvent  controls.  Water quality parameters during the tests were.: temperature of 25 
+ 0.5"C;  average  dissolved  oxygen of 5.9 mg/L for mysid and 5.6 mg/L for shr imp;  pH of 7.5 to 
8.1; and salinity of 25"/,. Control survival was acceptable. The 96-h LC, values for diazinon 
were 8.5 pg& for mysid  and 21 pg/L for shrimp. 

. .  . 

Geiger et al. (1988) -From 1979 to 1985, three 96-h acute flow-through  toxicity tests  were 
conducted by the USEPA Environmental  Research Laboratory in Duluth, Minaesota with 
diazinon (87.1%) and chlorpyrifos (99.9%) (two tests) on 27-44 day-old  fathead  minnows 
Pimephiespromekzs. Five  concentrations  were tested with water controls. Water quality 
parameters during  the test were: temperature of 25.5"C for diazioon and 25.1 and 16.3OC for 
chlorpyrifos;  dissolved  oxygen of 6.6 for diazinon  and 8.1 and 7.6 mg/L for chlorpyrifos; 
pH of 7.6 for diazinon  and 7.5 and 7.6 for chlorpyrifos; and hardness of 43.6 mg/L as CaCO, for 
diazinon and 44.4 and 46.5 mgL as CaCO, for chlorpyrifos. Control swvid was IW? for all 
tests. The !X-h  LC, values  were 9,350 pgL for diazinon  and 200 and 506 pg/L for chlorpyrifos. 

Guzzella et al. (1997) - In 1996,24-h acute static toxicity tests were conducted by the Water 
Research Institute in Milan, Italy with diazinon (>95%) and  chlorpyrifos @5%) on neonates of 
rotifer Bruchionuspiicatilis. Five concentrations with five  replicates and water controls were 
tested. The temperature  during  the test was 25OC; no other water quality parameters were given. 
Control swival was  acceptable.  The 24-h LC, values  were 30,27, and 27 pg/L for diazinon and 
1.4, 1.9, and 1.7 p@L for chlorpyrifos. 

Jarvinen and Tanner 11982) - In 1982, a 96-h acute flow-through  toxicity test was conducted by 
the USEPA Environmental  Research  Laboratory in Dduth, Minnesota with W o n  (87%) on 
larval  fathead minnow Pimephulespromekzs. Five  concentrations  were tested in replicate with 
water controls.  Water  quality  parameters  during the test were: temperature of 23.5 to 26°C; 
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. .  
-:, dissolved  oxygen of 6.5 to 8.4 m e ;  pH of 7.4 to 7.8; and  hardness  of 45.8 mgL as CaCO,, 

Control survival was acceptable.  The  96-h LC, value  for  diazinon was 6,900 psfl.. 

Norbere-Kine (1987) - In 1987,  a  38-h acute static toxicity test was conducted by USEPA 
Environmental  Research  Laboratory in Duluth, Minnesota with  diazinon (85YO) on G4-h 
cladoceran Cerimbphia dubia. Water quality parameters during  the test were acceptable. 
Control  survival  during  the  test was 1Wh. The 48-h LC, value for diazinon was 0.57 m a .  

Pape-Lindstrom  and  Lvdv (19971 - In 1996,96-h aaxte static toxicity tests were conducted by 
Wichita State  University in Wichita, Kansas with  chlorpyrifos (99%) on fourth instar midge 
Chironomus renrans. Five concentrations with replicates and  solvent aod water cornr~ls wen  
tested. Water quality parameters  during the tests averaged: temperature of 20°C; dissolved 
oxygen of 88.8% saturation; and  pH of 7.95. Control survival was acceptable. The 96-h EC, 

' values,  based on immobilization, for chlorpyrifos were 0.51,0.58, and 0.75 pg&. 

Van Der Hwven and Gerritsen  (19971 - In 1996, a 48-h acute static toxicity test was conducted 
by TNO-Environmental  Sciences in the Netherlands with technical  grade chlorwrifos on c24-h 
cladoceran Daphniapulex. Five  concentrations were tested  with controls. Water quality 
parameters  during the tests were: temperature of 20 5 1°C; pH of 8.0 to 8.2; and hardness of 220 
mg5 as CaCO,.  The  48-h LCw value for chlorpyrifos was 0.30 
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Unaccepted acute toxicity tests - The  following tests  did  not use accepted  test  methods andor 
produce acceptable  results. 

Ai et al. (1995) - In 1995,24-h acute static toxicity tests were  conducted by the  University of 
Florida in Sanford,  Florida  with  chlorpyrifos  (99%) on third  and fourth instar mosquito Aedes 
albopicrus. Four to nine  concentrations  were tested in  replicate  with  solvent  controls.  Water 
quality  parameters were not given. Control survival and  mortality  range were not given. The 24- 
h LC, for chlorpyrifos was 0.0033 m a .  This value was not used because  information  regarding 
mortality  range and control  mortality  was not given. 

Olima et al. (1997) - In  1997,  nine 96-h acute static toxicity t e N  were  conducted by the 
University of Technology in Sydney, Australia  with chlorpyrifos on freshwater  shrimp Par@ 
aumdiensis. Five to six concentrations and  solvent controls were tested  in  triplicate.  Water 
quality  parameters  during  the test were: temperature of 23.0 21°C; dissolved oxygen of >75% 
saturation; and pH of 6.70 to 7.50. Control survival  and  mortality  range  were  not gim The 96- 
h LC, for chlorpyrifos was  0.08 to 0.28 p&. These values were not used becaust tbe shrimp 
were field  collected  and may  have already been exposed to chlorpyifos. 

Rice et al. (1997) - In 1996,  a  48-h acute static toxicity test was conducted by the Iowa State 
Pesticide Toxicology Laboratory in Am=, Iowa with chlorpyrifos (W?) on fieshwata fish 
@=ius htipes. Five  concentrations and a solvent control were tested in triplicate.  Water quality 
parameters during the test were: temperature of 25 ,I°C;  dissolved  oxygen of 7.1  1.3 m a ;  
pH of 7.3 2 0.7;  and  hardness of 136 t 20 m a  as CaCO,. Control survival  and  mortality range 
were not given.  The  48-h LC, for chlorpyrifos was 250 p a .  This value  was  not used because 
the species tested is not  resident in North America. 

.Van Wkaaarden et al. (1996) - In 1990,48-h  acute toxicity tests were  conducted by the DLO 
Winand Staring Centre for Integrated Land, Soil, and Water Research in  Wageningen,  the 
Netherlands with Dursban 4E (45% chlorpyrifos) on several aquatic invertebrates. Water quality 
parameters and control survival  was  not  given. The values  generated by this test were  not used 
because the percent of active  ingredient  in the formulated product was too low  and  essential 
information  was  not  given. 

Vdar et al. (1994) - In 1992,96-h acute static toxicity tests were  conducted by  the  University of 
Cordoba in  Spain  with diazinon (38%)  on  planarian Dugesiu rigrim. The number  of 
concentrations and controls tested and water quality parameters were not given.  The  96-h  LC, 
value for diazinon was 630 p a .  This value was not used because the  percent of active 
ingredient in the formulated  product was too low and  essential  information  was not g i v e n .  
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: ! Accepted chronic toxicity tests - The  following tests used accepted test  methods. 

CDFG (1999b) - In 1999, a static chronic  toxicity tea  was  conducted by the California 
Department  of  Fish  and  Game  .4quatic  Tosicology  Laboratory in Elk  Grove,  California  with 
chlorpyrifos (99.9%) on  <24-h  cladoceran Cericdqhnia dubia. Five  concentrations were tested 
h i t h  water  and  solvent  controls.  Water  quality  parameters  during  the test were: temperature of 
24.0 to 25.I"C; pH of 7.90 to 8.58; hardnessof 168 to 188 mg/L as CaCO,,  ahd  dissolved oygen 
of 3.63 to 9.88 m a ,  Control sunival during the test was 80 to 100%. The 7 d  NOEC,  LOEC, 
and h4ATC  values  were 0.029.0.054, and 0.040 pgk, respectively. 

Janinen and  Tanner (1982) - In 1982,  a 3 2 4  flow-through chronic toxicity test was  performed by 
the USEPA  Environmental  Research  Laboratory in Duluth, Minnesota with diazinon (87%) on 
-48-h  embryos of fathead  minnow Pimephulespromekzs. Five  concentrations were tested in 
replicate with a  dilution  water  control.  Water  quality  parameters  during the test were: 
temperature  of 25.0 2 0.6'C; pH  of 7.4 to 7.8; dissolved  oxygen of 6.5 to 8.4 mgL; and hardness 
of 45.8 mgiL as CaCO,. Control survival was  acceptable.  The  NOEC,  LOEC,  and hlATC values 
were 0.050, 0.090, and  0.067 p a ,  respectively. 

Norbere.-Kine  (1989) - In 1988,7-d and 3 2 d  chronic  renewal  and  flow-through tests were 
conducted by the USEPA Environmental  Research  Laboratory @ Duluth, Minnesota with 
diarinon (88.2%) on larval fathead minnows PimepMespromekzs. Five conCentrations with four 

,: .. :, . ., I : replicates and water  controls  were used. Water quality parameters  were  acceptable. Control 
:.,. . >, 

-. 

. . ... . . .  .... survival  was  acceptable.  The  NOEC and LOEC  values  for the 3 2 d  test was 16.5 and 37.8 p a ,  
respectively.  Values fiom the 7-d tests were  considerably  higher  and were not used. 

Norbera-Kine. (1987) - In 1987,  a 7 d  chronic renewal test was  conducted by the USEPA 
Environmental Research Laboratory in Duluth, Minnesota with diazinon (85%) on -+b 
cladoceran Cericxhpbnia dubia. Five concentrations were tested with  ten  replicates and dilution 
water controls.  Water qualiv parameters  were  acceptable. Control survival was 1ooO/o. The 
NOEC, LOEC,  and  MATC  values  were 0.220,0.520, and  0.34 p a ,  respectively. 

Sousa (1997a) - In 1997,  a  flow-through  chronic  toxicity test was conducted by Springborn  Life 
Sciences  Laboratory in Wareham,  Massachusetts  with diazinon (87.3%) on <24-h  mysid 
Mysidopsis bubia. Five  concentrations and solvent  and  water controls were tested. Water quality 
parameters  during the test were:  temperature of 24 to 25°C; pH of 7.7 to 8.3; dissolved  oxygen of 
68 to 100%  saturation;  and  salinity of 25 to 26"/,. Control  survival  was 90 to 92%. The 2 8 4  
h4ATC for diazinon was 0.3 1 p a .  

Sousa (1997b) - In 1997,  a  flow-through  chronic  toxicity test was conducted by Spnngbom Life 
Sciences  Laboratory in Wareham,  Massachusetts  with  diazinon (87.3%) on -34-h sheepshead 
minnow Cyprinodon vm'egurus. Five concentrations and  solvent  and water controls were  tested. 
Water quality  parameters  during  the  test  were: temperature of 23 to 26°C;  pH of 7.4 to 7.9; 
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dissolved oxygen of 5.8 to 7.6 m@; and salinity of 30 to 32"/,. Control survival was 95 to 
100%. The 34-d hMTC for diazinon was 5.9 p g L  

, ,~.-, 
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' ..' . 1 Unaccepted chronic toxicity tests - The follontng tests did not  use  accepted  test  methods 

andlor produce acceptable results. 

Allison ( I  977) - In 1977, a life-cycle  chronic test \vas conducted by the USEPA Environmental 
Research Laboratov at Duluth, Minnesota nith technical  grade diazinon (92.5?4.) on  flagfish 
Joraiulelluj7oridrre. Five  concentrations and solvent  and  water  controls  were  tested.  Chronic 
effects  were  observed at all concentrations.  The resulp from this test  were  not  used  because no 
NOEC was  generated. 
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0 APPENDIS C. Acute and  Chronic Tests Evaluated for Diazinon in hfenconi and Cox 
( 1994). 

Accepted acute toxicity tests - The  following tests for  diazinon  evaluated in Menconi  and Cos 
( 1  994) used  accepted test methods. 

Allison  and  Hermanutz  11977).  Hermanutz (wn. c0mm.l- From  1971 to 1973,96-h flow- 
through  toxicity tests were performed by the EPA on technical grade diazinon  (92.5%)  with  13-, 
IS-, and 20- week old fathead  minnow Pimephakspromeh (three tests), I-year old  bluegill 
Lepomis  macrochims (two tests), 1-y old brook trout Solwlirius font idis  (three tests), and 6 
week  old  flagEsh Jorhl laf lor idae  (two tests). American Public  Health  Association (APHA) 
(1971) test standards were used. Five  concentrations  were tested in  replicate  and  a water'control 
was included. Concentrations were  measured three to six times  during the test. Water  quality 

(bluegill), 12 $.ST (brook trout), and  25 $S0C (flagfish);  pH  7.3-7.5;  dissolved  oxygen 65- 
105% saturation; and hardness 4445 m a  as CaCO,. Control survival was not mentioned. The 
96-h LCx, values  were: M e a d  minnow: 10,WO p&, 6,800 pg/L and 6,600 pg/L ; bluegill: 440 
p a ;  brook trout: 800 pgR, 450 pg/L, and  1,050 p@; flagfisk 1,500 pgR. and  1,800 &L. 
One test performed with bluegill was not  included because an indicient number of organisms 
was used (ASTM 1988a).  Chronic tests were also conducted with fathead minnow and brook 
trout. 

. parameters  during  the tests averaged:  temperature 25 t l "C  (fathead  minnow),  25 $.ST 

I .. , , .. 
,'.:.;;:.) Anklev et a l .  (19911.  Anklev (om. corn.) - In 1991.48-h static toxicity tests were  performed by 
'.. :;: the EPA  and  ASCI Corporation on  technical grade diazinon (95-Wh) with 5484  old cladocerans 

Cerioatphnia dubia, Daphnia magna and Daphniapulex. EPA (19%) test standards  were used. 
Five concentrations were tested in replicate and water controls were used. Concenbations were 
not measured during the test. Water quality  parameters during the test averaged: temperature of 
25'C; pH of 7.6-8.0;  dissolved  oxygen of-*? saturation; and hardness of 160-180 mgL. 
Control survival was -W?. The 48-h LCx, values  were: Ceri-hnia dubia: 0.50 p a ;  
Daphnia magna 0.80 pgL. and Daphniapuk 0.65 p&. 

CDFG (1992a) - In 1992,96-h static renewal  toxicity tests were performed by the CDFG  Aquatic 
Toxicology Laboratory on technical grade diazinon (87%) with neonate  cladoceran Ceridqhniu 
dubia. EPA (1990), ASTM (1988a) test standards  were used. Fwe concentrations  were tested 
and water and  solvent controls were  used.  Concentrations  were.  measured  during  the test. Water 
quality parameters during the test averaged:  temperature of 24.4"C; pH of 8.3;  hardness of 123.5 
m a ;  conductivity of  382.5 p d q  sahity not mentioned; alkalinity of 112.0 mg/L and  dissolved 
oxygen of 8.0 mg/L. Water control survival was 90% and solvent control suMval was 1OoOh. 
The 96-h LC.,, value was 0.47 pg/L, the No Observable Effect Concentration  (NOEC) and the 
Lowest Observable Effeds Concentration  (LOEC) values based on immobilization  were  0.354 
pg/L and 0.625 p&, respectively. 

CDFG (1992b) - In 1992,  a 96-h static renewal  toxicity test was performed by the CDFG  Aquatic 
Toxicology Laboratory on technical grade diazinon (87%) with neonate mysids Neomysis 
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nrercedis. ASTM (1992)  test  standards  were used. Five  concentrations  of diazinon were tested 
and  solvent  and  water  controls  were used. Concentrations were  measured  during the test. Water 
quality parameters  during  the  test  averaged: temperature of 17°C; pH of 8.3; hardness of 457.0 
m a ;  salinity of 1.8 '/-; conductivity of 3002.78 pdcm; alkalinity of 149.63 m a ;  and  dissolved 
oxygen of 8.71 m a .  Control  survival  was 1Wh. The 96-h  LC, value  was  3.57 p@, the 
NOEC and  LOEC  values,  based on immobilization,  were 2. IO pglL and 4.15 p a ,  respectively. 

CDFG 11992~) - In 1991,  a  96-h  static  renewal test was performed by the CDFG  Aquatic 
Toxicology  Laboratory on technical p d e  diazinon (87%) with neonate cladoceran Ceriouiqhiu 
dubia. EPA (1990), ASTh4 (1988a) test standards were used.  Five concentrations were tested 
and water and  solvent  controls  were used. Concentrations were measured during the  test. Water 
quality  parameters  during the test  averaged: temperature of 24.4"C; pH  of 8.5; hardness of 125.0 
mg/L. CaCo,;  conductivity of 388.7 pdcm; alkalinity of 100.0 mg/L; dissolved  oxygen of 7.81 
m a .  Control nwival was 1Wh. The 96-h  LCs  value  was  0.507 p a ,  the NOEC and LOEC 
values  based on immobilization were  0.345 p a  and 0.605 pgL, respectively. 

.. . . .  . . ,:., 

CDFG (1992d) - In 1992,  a  96-h  static  renewal toxicity test was  performed by the CDFG Aquatic 
Toxicology  Laboratory on technical diazinon (ST?) with neonate mysid Neomysis mercedis. 
ASTh4 (1988a) standards were used. Five concentrations of diazinoa were tested and  solvent  and 
water controls were used. Concentrations wen  measured during the test. Water quality 
parameters  during  the  test  averaged: teniperature of 17.5  "C;  pH of 8.36;  hardness of 465.3 
mg&; salinity 1.73"/,; conductivity  2932 pdcm; dissolved  oxygen of 8.92 m a .  Control . 
survival was 1Wh. The 96-h  LC, value was 4.82 p a .  The  NOEC  and LOEC values, based 
on immobilization, were  2.45 p a  and  4.5 p a ,  respectively. 

Fernandez-Casaldem, et al. (1992a) - In 1989,  a  24-h static toxicity test was performed by the 
.University of Valencia,  Spain on technical grade diazinon  (92%)  with  rotifer B&chiomcs . 
c a ~ ~ j l o m s .  No commonly recognized test standards were used. Five concentrations were 
tested with  nine  replicates  and  a  solvent c o n t r o l  was included. Concentrations were not measured 
during the test and nominal concentrations were not given. Water qwlity parameters  during 
testing were:  temperature of 25°C. pH of 7.47.8, and hardness of 80-100 mgL. Control sunival 
was 1 W?. The 2 4 h  LCM  value  was  29,220 p a .  

,:.: .. ., . ? .. .. 
, . .  . 
, .  .. . . . . .  

Keizer et al. (1991) - In 1991,96-h static toxicity tests were perfomed by the Instituto Superiore 
di Sanita Biochemical  Toxicology  Unit in Rome, Italy  on technical grade diazinon (98%) with 
adult guppy Poecilia r e t i c u b  and  adult  zebrafish Braehyabio rerio. European Economic 
Community  (1979) test methods were used. Seven Concentratons were tested with tbree 
replicates for guppy  and two replicates for zebrafish, and  solvent controls were used. 
Concentrations,were measured  daily  but conCentrations were  not  given. Water quality parameters 
during testing averaged: temperatures of 20-22 "C, pH of 7.6;  dissolved  oxygen of 6-9 m a .  
Control survival  was IWh. The  96-h  LC, values were guppy 800 p a  and zebrafish. 8,000 
P a .  
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. ,  - . ,  Maver  and  Ellersieck (1986). Dwver  and Sawinaton (Ders. comm.) - From  1965 to  1985,48-h 
and  96-h static toxicity tests were  performed by the  Columbia  National  Fisheries  Laboratory  of 
the U.S. Fish  and  Wildlife Senice on technical  grade  diazinon (89-92%) with first instar 
cladoceran Drqnhniupulex, mature  amphipod Gammarusjasciarus, second  year  class  stonefly 
Plerotmcys cuIvomia, bluegill Lepomis macrochims, cutthroat trout Oncorhpchs clmrb' (two 
tests),  lake trout Solwlitnrsmqrush, and  rainbow trout Oncorhynchus mykiss. ASTM (1980) 
test  standards  were used. Four or more concentrations  were tested in replicate  and  solvent 
(acetone) controls were  used.  Diazinon  concentrations  were not measured during the tests. 
Water quality parameters  during the tests averaged: temperature of 21'C (cladocerans), 21°C 
(amphipod), 15°C  (stonefly),  18°C (bluegill), 12°C  and  10°C (cutthroat trout), 12°C (lake trout) 
and  13°C (rainbow  trout); pH of 7.1-7.4;  and hardness of 44-162 rng/L as CaCO,.  Control 
survival  was  acceptable in all tests. The 48-h  EC,  value for  cladoceran  mortality and  morbidity 
was 0.8 p a .  The  96-h  LCs values were;  bluegill:  168 p a ,  amphipod:  0.2 pg/L, tionefly: 25 
p a .  cutthroat trout:  2,760 &L and 1700 p a ,  lake trout: 602 &L, and rainbow trout: 90 
pg/L. Although  dissolved  oxygen  levels  were  not  given, these tests were accepted because 
control sunival was  acceptable  and ASTM standards were used. 

N m o  et a l .  (1981) - In 1980,  a  96-h static toxicity test was performed by Environmental 
Research  and  Technology,  Inc.  and the EPA at GulfBreeze, Florida on  technical grade (percent 
active  ingredient  not  given)  diazinon on 9 8 4 1  old  mysids Mysiabpsis buhia. EPA (1978) test 
standards were used. Five  concentrations of diazinon  were tested with four replicates and water 
and solvent controls. Concentrations  were  not  measured during the test.  Water  quality 

oxygen of 60% saturation. Control sunival was 90%. The 96-h LC, value was 4.82 p a .  
Sanders and Cow 11966) - In 1966,48-h static toxicity tests were performed by Fish-Pesticide 
Research Laboratory, Bureau of Sport Fisheries  and  Wddlife in Dei~ver, Colorado on technical 
grade diazinon  (percent  active ingedient not  given) with 6rst instar larvae  cladocerans Daphniu 
p u l a  and Simocephalus serruhtus (two tests). No commonly recognized test standard  was 
mentioned. Four concentrations were used for D. pula  and five c o n m ~ o n s  forS. semhtus. 
Each test used  a  water  control. Concentrations were  not  measured  during the test. Water  quality 
parameters  during  the tests averaged:  temperatures of 60'C Duphniapulex, 60'C and 70°C 
Simocephlus s e r r u r l c r t u r ;  pH of7.4-7.8; hardness and alkalinity not  mentioned. Test water was 
aerated. Control survival  was 1ooOh. The 48-h  EC,  values based on immobiljtation  were: 
Daphniapulm 0.90 pg/L and Simocephalus serruhtus: 1.80 pg/L and 1.40 pg5. 

Sumrenant (1988a) - In 1988,  a  96-h  flow-through  toxicity test was performed by Springbom 
Life  Sciences on technical grade diazinon  (87.7%) with 124-h old  mysidsA@siabpsis bahiu. Test 
methods used were  similar to EPA (1985b)  methods.  Five concentdons of diazinon  were  tested 
in replicate  and  solvent and water controls were  used. Concentrations were measured  at the 
beginning  and  end  of testing and  measured  concentrations  averaged  78-100% of nominal 
concentrations.  Water quality parameters  during  the  test ranged: temperature of 25 51°C; pH of 
7.8-7.9;  dissolved  oxygen of 5.6-7.3 m a ;  and  salinity of 30-32"/,. Control survival  was 100%. 
The 96-h LC, value  for  mysids  was 4.2 p&. 

,7.,.;.\ .;:.::.\ .:;... parameters during the test averagd. temperature of 22-25 "C; pH of 8.0-8.2, and  dissolved 
.. . 
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Sururenant (1988b) - In  1988,  a 96-h flow-through  toxicity test was  performed by Springborn 
Life Sciences  on  technical grade diazinon (87.7?!) with eastern oyster Crassosrreea vtrginicu. 
Test  methods used were  similar to EPA (1985b) methods.  Five  concentrations of diadnon were 
tested in replicate and solvent and  water controls were  used.  Concentrations  were  measured  at 
the beginning  and  end of testing and measured concentrations averaged 5548% of nominal 
concentrations. Water quality  parameters  during the test were: temperature of 20 ?PC;  pH'of 
7.4-8.1; dissolved  oxygen of 5.8-7.7 mgL; and salinity of 30-32'/-. Control  survival  was 100%. 
The  96-h EC, value (effect not  given) for eastern oyster was 880 &L. 
Vial (19901 - In 1990,48-h static renewal toxicity tests were performed  by  Ciba-Geigy in Basel, 
Switzerland  on  technical  diazinon (96%) witb Q4-h old cladocaan Dqhniu mugno. 
Organiqation for Economic Coopt ion  and  Development (OECD) (1984) test standards were 
used. Si concentrations were tested with ten replicates  and  a water control. Concentrations 
were not measured duting the test. Water quality parameters during the test were: temperature 
of 20 21°C;  pH ranged fiom 7.8 to 9.3; dissolved oxygqn ranged fiom 96 to 130% saturation; and 
hardness of 240 mg/L CaCO,. Control dval was 100% The 48-h EC, value for cladoceran 
Dqiulia magna based on immobilization was >2.6 p a .  

c. 
. .  . . .  

. .  
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', Unaccepted acute toxicity tests - The  follov;ing tests for  diazinon  evaluated in Menconi  and  Cox 
(1994) did  not use accepted  test  methods andor produce accepted results. 

Ebere  and Gntonwa (1992) - In 1992.96-hr static  tosicity teas were  performed by Cniversity 
of Lagos, Nigeria on technical  grade  diazinon  (percent  active  ingredient  not  given)  with  fingerling 
Gobius sp, and juvenile Democaris rirspimosa and Palaemontes &cmnrs. No commonly 
recognized  test  standards were mentioned.  At  least  four concentrations of diarinon were tested 
and a  water  control was used. No mention of replicates  was  made. Concmtrations  were not 
measured  during  the  test.  Water quality parameters for the Gobius sp. and Democaris 
rirsprnosa 6eshwater tests were:  temperature of 25-27°C;  dissolved  oxygen of  8.1 ppm; 
conductivity of 90 pmbolan; slkalinity of 20.4 mg5. Water quality parameters for the brackish 
water  averaged:  dissolved  oxygen of 4.3  ppm; salinity of 17 "I-; conductivity of 38,OOO pmhocrn' 
'; alkalinity of 60 m a .  Control survival  was *O%. The 96-h LC- values were: Gobius sp.: 
0.04 p a ;  Paloemontes crfrrcmnrs: 17.9 p1IL and Democmis triqimaur: 20.8 pVL. These values 
were not accepted because concentrations were given in p a  and it was not  possible to convert to 
pg/L because percent  active  ingredient was not given.  Attempts to obtain the necessary 
information  from the researcher  were  not successful. 

Federle and Collins (1975) - In 1975,  a  96-h  toxicity test was performed by Ohio State University 
on  diazinon  (percent active ingredient not given) with late instar damselfly Lestes congener 
nymphs. No commonly recognized test standards were mentioned and test dynamics were not 
given Four concentrations were tested  and  solvent  controls were used. Concentrations were  not 

+0.2"C; pH of 7.4. Dissolved  oxygen  levels, water hardness,  and control survival were not  given. 
The 96-h LC, value  was  estimated to be 50 p a .  This test was not accepted because the LCw 
value was not  calculated  and essential information such as dissolved oxygen levels, water 
hardness, and control survival  were  not  given. 

Femandez-Casalderrey et al. 11992b) - In 1992,  a static toxicity test  was performed on diazinon 
(92%)  with 0-2 hr old  rotifers Brachionus calycjloruspallas. No commonly recognized  test 
standards were  mentioned  and test duration was not  given. Four concentrations were tested with 
four replicates per concentration A  solvent  control was used. Concentrations were not 
measured during the test. Water quality parameters  during the test were: temperature of 25°C; 
pH of 7.4-7.8;  hardness of 80-100 m@, alkalinity of  60-70 m a  as CaCO,. Dissolved  oxygen 
levels and control sunival were not  given. No LC, values, NOEC values, or LOEC  values  were 
given. This test  was not accepted because essential  information such as test duration  and 
dissolved  oxygen  levels were not given  and no toxicity  values were determined. 

,.,,.,,. :..) measured  during the test. Water quality parametkrs  during the tests were: temperature of 25 ,3 ,. . 
.:::: 

Ferrando et al. (19911- In 1991, a  96-h flow-through toxicity test was performed by the 
University of Valencia, Spain on technical grade diazinon (92%) with European ee l  Anguilla 
anguilh. Life stage Was not  given. EPA (1975) standards were used. Four concentrations  were 
tested and solvent controls were used. Concentrations  were not measured  during  the test. Water 
quality parameters  during the test were: temperature of 2OOC; pH of 7 . 9 9 2 ;  hardness of 250 
m a ;  alkalinity of4.1 mmol/L; dissolved  oxygen  not  given. Control survival  was 1W/. The 
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96-h LC,,, value was 80 I@. This test  was  not  accepted  because  essential  information  such as . , t  

dissolved oygen levels, concentmion scale,  and  mortality  at  each  concentration  was  lacking. 
Efforts to obtain  the  missing  information from the author were  not success!id. 

Goodman  et al. (1 979) - In 1979, a 96-h  flow-through  toxicity test was  performed by the EPA 
Environmental  Research  Laboratory in GulfBreeze, Florida on diazinon (92.6%) with  juvenile 
sheepshead  minnow Cjprinodon rwiegms. No commonly  recognized test standards were 
mentioned.  Five  concentrations  were tested and  a  solvent  control was included.  Concentrations 
were  measured  during  the test. Water quality parameters  during  the test averaged:  temperahrre of 
30 52°C; pH  not  given; salinity of 22.77,. The test solutions  were  aerated  and  control  survival 
was loOo/o. The 96-h LC, value  was 1470 p&. This was not used the concentrations tested did 
not produce an adequate mortaliv range. 

Hashimoto et al. (1'982) - In 1982.24-h static toxicity tests were performed by Tokai Regional 
Fisheries  Research Laboratory in  Japan on diadnon (percent active  ingredient not given)  with , 

eight life stages of carp Cyprims curpio. No Commonly recognized test standards were 
mentioned.  Number of concentrations tested and use of controls were  not  mentioned. 
Concentrations  were  not measured during the test. Water quality parameters during the test 
were:  temperature of 25 + Z T ;  pH of 6.9-7.2.  Dissolved oxygen, water hardness, and control 
survival  were  not given. The 24-h  LC, d u e s  were:  eyed  egg:  7.2 p a ,  sac f r y :  6.1 pgk; 
floating f r y :  2.5 pgL; one week  old:  2.7 p&; two weeks old: 2.8 pg&; four weeks  old: 2.3 
pg/L; eight  weeks  old;  1.9 pg/L and eleven weeks old 2.4 p a .  These tests were not accepted 
because essential information such as concernrations tested.  and use of controls was not given, and 
test duration  was too short. 

Khattat and  Farlev I1 976) - In 1976,  a  96-h static toxicity test was performed by the EPA 
Environmental  Research  Laboratory  at Narmgansett, Rhode  Island on technical grade diazinon 
(97.6%) with adult  marine  copepod Acari ia  t o m .  No commonly recognized test standards were 
mentioned.  Seven concentrations were tested with four replicates and solvent  and water controls 
were used. Concentrations were measured at 24-h  intervals.  Water quality parameters during the 
test averaged: dissolved  oxygen of 80% saturation; temperature of 17 51  "C; salinity of20"/,. 
Water and  solvent  control suMval were 86.2% and 85.00/0, respectively. The 96-h LC, value 
was 2.57 p a .  This test was unacceptable because control survival for both water and  solvent 
was less than 9 P ? .  

. , .  . .  
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Morgan  (1976) - In 1975,  a  168-h static toxicity test was performed  by the University of Guelph 
on diazinon (SPh) with midges Chironomus entans. No test standards were mentioned. Three 
replicates  were  tested.  Concentrations were measured.  The  temperature  averaged 16°C. Other 
water quality parameters were not m d .  ~ n t r o i  swival was not given. The 168-h LC, for 
the midge  was  0.027 pgk .  This value was not used because the pesticide  formulation  was too 
low in  active  ingredient  and  essential information, such as control survival and  mortality  range in 
the treatments, was not  given. 
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Robertson and htazella (1989) - In 1987, a 96-h  static  renewal  toxicity test was  performed by 
East Carolina  University at Greenville,  North Carolina on  technical grade  diadnon (88.6%) with 
freshwater snail Gilliu ufrifis. Life  stage  was not given, and no commonly recognized  test 
standards were  mentioned. Four concentrations  of  diazinon  were tested in triplicate and a  solvent 
control was used. Concentrations  were  not measured during the test. Water quality  parameters 
during the test were: temperature of 22 t l  S'C, pH of 6.7-6.9;  dissolved oxygen of 8-1 1 m a ;  
and hardness of 22-35 m a .  Control survival  was  not  given. The 96-h LC, value  was 11,000 
p a .  This test was not accepted  because  dechlorinated  water was used and essential  information 
such as control sunival was not  given. 

Sumrenant (1987a) - In 1987, a 96-h static toxicity test was  performed on diazinon (48%) using 
bluegill Lepomis mucrochinrs. Life stage was not  given.  Test methods similar to ASTM (1980) 
methods were used. Five  concentrations  were  tested in replicate  with sotvent controls. 
Concentrations were measured during the test. Water  quality parametas during the test were: 
temperature of 22 +I  "C; pH of 7.6;  dissolved  oxygen of 62-103% saturarion; hardness of 50 
mgL; conductivity  of  90-140 umhodcm; and  alkalinity of 35 m a .  Control survival was 100%. 
The 96-h LC, value  was 200 p a .  This value was not used because the diazinon  formulation 
was too low in active  ingredient. 

Surnrenant (198%) - In 1987, a 48-h static toxicity test was performed on diazinon (48%) with 

used. Seven  concentrations  were  tested  with  two  replicates and solvent controls were used. 

concentrations. Water qualay parameters  during  the test were: temperanne of 21 + I T ;  pH of 
7.5-8.5;  dissolved oxygen of 82-1O4% saturation;  hardness of 180 mglL; and alkahty of 124 
m a .  Control survival was 100%. The 48-h  LCI, value was 1.1 p a .  This value was not used 
because the diazinon formulation  was too low in active ingredient. 

- a4-h old cladoceran Dqhniu mugnu. Test methods  similar to ASTM (1980) methods were 

. :.. ,' ., .,* ,. ,. .. 
.... .. . -. .. . . Concentrations were  measwed twice during  the  test  and  averaged  82-1 oo./o of nominal 
.... 

S u m r m t  (1987~) - In 1987,  a  96-hr static toxicity test was performed on diazinon (48%) using 
rainbow trout Oncorhynchus m y k i s s .  Life  stage  was not given. Test methods similar to ASTM 
(1980) methods were used. Seven  concentrations  were tested in replicare and  solvent  controls 
were used. Meawed concentrations  averaged 74102% of nominal concentrations. 
Concentrations decreased  41%  during the test. Water  quality parameters during  the test were: 
temperature of 13°C;  pH of 7.1-8.1;  dissolved  oxygen of 66-98% saturation; and water  hardness 
of 50 m a .  Control  survival was 1ooOh. The 96-h  LC, value was 1,800 p a .  This value  was 
not used because  the diazinon formulation  was too low in active ingredient and the concentrations 
tested did not produce an adequate range of mortality. 

Union  Carbide  (1978a) - In 1978,  a  96-h static toxicity test was performed on diazinon  (23%) 
using four month  old  bluegill Lepomis mucrochirus. EPA (1975) test standards were  used. Five 
concentrations were  tested and a  water  control  was  included. Concentmions were  not  measured 
during the test. Water quality parameters  during  the test were: temperature of 21.8 9.3"C; pH of 
7.46; dissolved  oxygen of 4.4-9.0 m a ;  hardness  of 44 m a ;  and conductivity of 32 m a .  
Control survival  was  not  given.  The  96-h LC,  value was  28,600 p a .  The 96-h  NOEC  value 
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(effects not siven) was <18,000 p g L .  These  values  were  not  used  because  the  formulation was 
too low in active  ingredient,  dissolved  oxygen  levels  were too low,  and control suMval was not 
- given. 

Union  Carbide  (1978b) - In 1978,  a 48-h.static toxicity test was  performed on diadnon (23%) 
using  first  instar  cladoceran Lhphniu m a p .  EPA (1975) test  standards  were used. Five 
concentrations  were  tested with four  replicates  per  treatment. A water control  was  included. 
Concentrations  were  not  measured,  nominal  concentrations  ranged from 1.0-10 p g L ,  Water 
quality  parameters  during  the  test  were: temperature of 20°C; pH of 8.39;  dissolved oxygen of 
8.4-8.8 m a ;  and hardness of 252 m@. Control survival was 95%. The 48-h LC, value  was 
5.03 pg/L. The  NOEC  value  at  48-h was 3.2 pg/L. These values  were  not used because the 
diazinon  formulation  was too low in active  ingredient. 

Union  Carbide 11978~) - In 1978,96-h static toxiaty test was performed on diaziuon (23%) using 
four-month old  rainbow trout Oncorhynchus mykiss. EPA (1975) test standards were used. Five 
concentrations  were  tested and a  water control was included. Concentrations were not measured 
during the test. Water  quality  parameters during the test were: temperature of 11.8 9.3"C; pH of 
7.47; dissolved  oxygen  of  4.1-9.0 mgL;  hardness of 44 m a ;  and alkalinity of 32 @. Control 
survival was 1 W ? .  The 96-h LC, value was 60,300 pg/L. The NOEC value at 96-h was 
<32,000 p a .  These values  were  not used because the formulation was too low m active 
ingredient. 

Vikas ( 1976) - In 1986,  a  48-h static toxicity test was performed on technical grade diazinon 
(percent active  ingredient  not  given)  with QO-h old ctadocerans Zkphia mogno. EPA (1975) 
and APHA (1971) test standards  were used. Five  concentrations  were tested with four replicates 
and  solvent  controls were used. Concentrations were not measured during the test. Water 
quality  parameters  during  the test were: temperahue of 17°C; pH of 7.9; dissolved oxygen of 8.6- 
9.2 ppm;  hardness of 50 m a ;  conductivity of 140 umhodaq and alkalinity of 25 mgL. Control 
survival  was 100??. The 48-h LC, value was 0.98 pgL. This test was not acceIjted because the 
concentrations  tested  did  not  produce an adequate mortality  range. 
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-. ' . . ,  Accepted chronic toxicity tests - The following tests  for  diazinon  evaluated in  Menconi  and  Cox 
(1 994) used  accepted  test  methods. 

Nimmo  et al. (1981). Nimmo (oers. comm) - In 1980,  a  28-d static toxicity test was  performed 
by Enbironmental  Research  and  Technology  Inc.  and the EPA  in Golf B r e w ,  Florida on technical 
grade diazinon (percent  active  ingredient  not  given)  with 9 8 - h  old neonate mysid Mjsidopsis 
M i a  EPA  (1978) test standards  were used. Five  concentrations  were tested with four 
replicates  per  treatment,  and  solvent  and dilution water controls. Concentrations  were measured 
weekly  during  the test. Water quality parameters  during  the tests were:  temperature of 22-25% 
pH of 8.0-8.2; dissolved  oxygen of 60% saturation.  Control swvival was >80?h. The 2 8 4  
NOEC,  LOEC, and  MATC values based on reduced growth and fecundity were 1.15 pg5,3.27 
pg/L, and 1.91 p& respectively. 

Surorenant 11988~) - In  1988,  a 2 1 4  flow-through  toxicity test was performed by Springborn 
Life  Sciences,  Inc. on technical grade diazinon  (87.7%)  with 3 4 - h  old cladoceran B q h i u  
magnu. ASW (1980)  and APIiA (1985) test standards  were used. Fie concentrations were 
tested with four replicates per treatment  and  solvent and water controls were used. 
Concentrations  were measured weekly  during  the test and  measured  concentrations  averaged 
64% of nominal concentr8tions. Water quality parameters  during the test were: temperature of 20 

conductivity of 400-600 pmhoslcm Control sunival was 3 5 %  The 2 1 d  NOEC,  LOEC, and 
MATC values based on immobilization were 0.17 p a ,  0.32 p a ,  and  0.23 pgR, rrspectively. 

Sururenant  (1988d) - In 1988, a 34-d  flow-through  toxicity test.was performed by Springborn 
Life  Sciences  Inc. on technical grade diazinon (87.70h) with embryo  and larval fathead minnow 
Pirnephalesprornelac. APHA (1985) and EPA (1981) test standardswere used. F i e  
concentrations were tested in replicate and water and  solvent controls wax used. Concentrations 
were measured and were  98-135% of nominal concentrations. Water quality panunetas during 
the test were:  temperature of 25  +1"C;  pH of 7.0-7.6;  dissolved  oxygen of 7.9-8.6 mg/L; 
hardness of 27-34 mg/L. Control  survival was W?.  The 34-d NOW, L O X ,  and  MATC 
values  based on growth were 92 p&, 170 pg5, and  125 p& respectively. 

- +1'C;  pH of 7.9-8.3;  dissolved  oxygen of XOO? saturation; hardness of 160-180 mg/L; and 

;.:;> .::. :: ..... . ~. 
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Unaccepted  chronic toxicity tests - The  following teas for diazinon  evaluated in hlenconi and 
Cox (1994) did not use  accepted  test  methods andor produce  acceptable  results 

Allison and Hermanutz 11977) - In 1977, a 27.1-d flow-through  adult  survival and reproduction 
test and  a  60-d  progeny (From tested  adults)  growth test were  performed by the EPA 
Environmental  Research  Laboratory  at Duluth, Minnesota on technical  grade  diazinon (92.5%) 
with fathead  minnow Pimephdespromelas The EPA also performed a 1734 adult wvival and 
reproduction test and a 122d progeny  test (From tested adults) on brook trout Salwlims 
fontinulis. APHA (1971) test  standards  were  used.  Five  concentrations  were  tested in replicate 
and  a  solvent  control  was used. Concentrations  were m k e d  weekly  and  averaged 73 to lloO/o 
of nominal concentrations. Water quality panunetas during the tests were: tempemure of 25 

hardness of 44-45 mg/L. Control  survival was 67% and 93% for progeny and adult hthead 
minnow,  respectively. Contxol survival was 89% and 100% for progeny and adult b m k  trout, 
respectively.  The  lowest  concentra!ion tested on h t h e d  minnow, 3.2 pg/L, had a significant 
detrimental  effect on hatching success and caused scoliosis in progeny.  The  lowest  concentration 
tested on brook  trout, 0.8 &I-, had a  significant  detrimental effect on progeny growth. These 
values  were  not used because  no NOEC value  was  determined. One fathead  minnow  test was 
terminated at 9 1 d  because the concentrations  were too high. Awte tests were also conducted 
with  fathead minnow, bluegill, brook trout,  and flagfish 

Bresch (1991 ). Bresch IDCTS. comm.) - In 1991,284 and 42d flow-through  toxicity tests were 
performed by the  Institute for Hygiene  and Toxicology, Gennany on analytical grade diazinon 
(percent  active  ingredient  not  given) with adult zebradrh Bruchphio rerio and fingerling 
rainbow trout Oncorhynchus mykiss. EPA (1982), ASTM (1988b), and OECD (1983) test 
standards were used. Three concentrations of diazinon were tested in replicate and a water 
control was used.  Concentrations were measured weekly  and measured concoltrations averaged 
200? of nominal concentrations. Water quality parapeters during the tests were: temperatures of 
24-26°C (zebrafish)  and 15-17°C (rainbow trout); pH of 7.4; dissolved  oxygen of %O?h 
saturation (zebrafish); >70% saturation (rainbow trout); and hardness of 360 mg/L. Control 
survival was 86.5% (zebrafishh 1Wh (rainbow  trout). The z,&rafish NOEC and  LOEC values, 
based  on growth (length)  reduction,  were 750 pg/L and 1,500 pg/L, respectively. No rainbow 
trout died during the  test,  however abnormal fish were  present in aU groups. The  zebrafish test 
was not  accepted  because the test did  not  have  a  sufticient number of concentntions. The 
rainbow trout test  was  not  accepted because it did not  have  a  sufEcient  number of concentrations, 
no pertinent  values  were  obtained,  and  an  insufiicient  number of trout were tested. 

Goodman et al. (1979) - In 1979, a 108d flow-through  toxicity test was performed by the EPA 
Environmental  Research  Laboratory in GulfBreeze, Florida on diazinon (92.6%) usiug juvenile 
sheepshead minnow Cprinodon vuriegufus. No commonly  recognized testing standards were 
mentioned. Five concentrations  and  a  solvent  control were tested.  Measured  concentrations 
were 65-78% of nominal concentrations. Water quality parameten during the test  were: 
temperature of 30 +2"C; pH  not given; salinity averaged 16.5'/,; test solutions  were  aerated; 
water hardness  not  given. Control survival was not given.  Fecundity  decreased  at  the  lowest 

21°C (minnows) and 12 21°C  (trout); pH of 7.3-7.5; diS~0lved o w e n  of 85-86% Sahlratioq and 
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-. conccnuation  tested (0.47 p - a )  and  darkened  flesh  appeared a: concentrations  between 3.5 p-gL 
and 6.5 p-& These  values  were not used because no NOEC  value was determined. 

hforcsn (1976) - In 1975, a 113-d static  toxicity  test  was  performed by the  University  of  Cuelph 
on  diazinon  (50 $6) with midges Chiror1omus fenfmLc. No test standards were  mentioned. Six 
replicates  were  tested.  Concentrations  were  measured.  The  temperature  ranged  from  22 to 25°C 
Other  water  quality  parameters  were  not  measured.  Control sunival was  not  given. The effects 
were not  given. This test  was  not  accepted  because the pesticide  formulation  was too low in 
active  ingredient; essential information,  such as control sunival and  mortality  range, was not 
give9 and effects  were  not  determined. 

Vial (1990) - In 1990,22-d  static  renewal  toxicity  tests  were  performed by  Ciba-Geigy in Basel, 
Switzerland on technical  diazinon  with  <24-h  old  cladoceran Llqhniu mugnu. OECD  test 
standards  were used. Six concentrations  were  tested with ten replicates  and  a  water  control. 
Concentrations  were measured  weekly  during  the  test  and  measured concemrations ranged 6om 
75 to 421  5% of nominal  concentrations. Water quality parameters  during  the test were: 
temperature of 20 +I" C;  pH  ranged from 7.8 to 9.3;  dissolved  oxygen  ranged  from 96  to 130% 
saturation; and hardness of 240  mg/L  CaCO,.  Control  survival was lOOO/o. The EC, value for 
cladoceran Duphniu magna, based on immobilizaton, was >2.6 pgL. The LOEC value, based on 
number  of  young produced, was 0.0026 pg/L. The  NOEC  value was reported as <0.0026 pgL, 
and  no hlATC could be calculated. The chronic  toxicity data produced by this study could not be 
used because no definite  NOEC or MATC values were  determined. The LOEC  value  was 100- 

;;;:: .::\ fold  lower than that obtained by Surprenant (1988~). In addition, the nominal and  measured 
concentrations differed too much to be accepted for a  chronic  study.  However, the acute  toxicity 
data were  accepted. 

:. . , __ . .  
. .  . .  .. . . 
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'-) APPENDIS D. Abstracts of acute  toxicity tests for chlorpynfos  evaluated in Menconi  and  Paul 
( 1994). 

Accepted acute toxicity tests - The following tests for chlorpyrifos  evaluated in Menconi  and 
Paul (1991) used  accepted  test  methods. 

Bonhwick and  Walsh ( 198 1 ) - In 198 1,96-h static toxicity tests were  performed  by the U.S. EPA 
on technical grade L h u s b a n R  (97.7%)  with  juvenile mysid Mysidopsis bahiu and 28d old 6y 
sheepshead minnow Cprincxfon vmiegarus. As part of this series of tests, 48-h static  toxicity 
tests were  performed  with  <2-h old eastern oyster Crarrosnea rirginicu ASTM (1978)  testing 
guidelines  were  followed.  Five  concentrations of DursbanR and  solvent and dilution  water 
controls were tested with  mysids  and sheepshead minnows. Sewn concentrations of D u r s b a n R  

were tested with eastern oysters.  Two  replicates per concentration were tested with mysids  and 
sheepshead  minnows.  Four  replicates per concentration  were  tested with eastern oysters. 
Measurement of chlorpyrifos  concentrations  was not mentioned for any test. Water  quality 
parameters during the eastern oyster,  mysid,  and  sheepshead  minnow tests averaged: iemperature 
of 25.0 + I T ;  Ph was not mentioned;  dissolved  oxygen  level was not  measured,  and  salinity of 
ZOO/,. Control  survival  was  greater than W ?  for all tests. The 96-h LC, values  for the mysid 
and the sheepshead  minnow  were  0.056 pg/L and 270 pa, respectively.  The  96-h EC, value, 
based on abnormal  development,  for  the eastern oyster was 1991 pg/L. Tests were  also 
conducted using diatoms Skeleionema costaturn, IsochTysis g d h ,  and ZMasiosira 

,<.?,~. 
pSeUdOlkl?lU. 

. . . . .  :,.: :J ., . . Borthwick et al.  (1985) - In 1985,96-h  flow-through  toxicity tests were  performed by the U.S. 
EPA  on technical grade chlorpyrifos  (92%) with O d ,  7 4  144 ,  and 2 8 d  old  California  grunion 
Leuresihes termis, Atlantic  silverside Menidia menidu, and tidewater silverside Menidia 
peninsulae. ASTM (1980)  testing  guidelines  were  followed.  Five  concentrations of chlorpyrifos 
were tested and  solvent and  dilution  water controls were used. The  number of replicates tested 
was not mentioned.  Concentrations  were  measured.  Water  quality  parameters during the test 
averaged: temperature of 25°C;  pH  was  not  mentioned;  dissolved  oxygen  level was not 
mentioned, and sahnity of ZOY, in the M. menidia and M. peninsulae tests and  2So/, in the L 
renuis tests. Control survival was  not  mentioned. The 96-h LC, values for the Od, 7d, 144,  
and 28d old grunion were 1.0 p a ,  1.0 pgL, 1.0 pg/L and 1.3 pgL, respectively.  The 9 6 4  
LC, values for the 0-4 7-4 14-d and 28-d old Atlantic  silverside  were  0.5 p a ,  1.0 p a ,  1.1 
p a ,  and 3.0 pgL, respectively.  The 96-h LC, values  for the 0-4 7-4 14-d  and  28-d  old 
tidewater silversides  were 1.0 pgL, 0.5 pg/L, 0.4 p a ,  0.9 p a ,  respectively. 

California Deuarhnent ofFish and  Game (CDFG)  /1992e) - In 1992,96-h static renewal  toxicity 
tests (Test No. 92-133)  were performed  on  technical  grade  chlorpyrifos (99%) with neonate 
mysid Neomysis mercedis. ASTM (1992)  testing  guidelines  were  followed.  Five  concentrations 
of chlorpyrifos were tested and  solvent  and  dilution  water controls were used. Two  replicates 
per  concentration were tested. Chlorpynfos concentrations  were  measured  at the beginning and 
end of each test and  averaged  86 to 124% of nominal  concentrations. Water quality parameters 
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during  the  test  averaged:  temperature of 17.2"C;  pH of 8.4; dissolved  oxygen  level of 8.4 mglL; 
hardness of 499.0 mgL; conductivity of 3096 pdcm; and alkalinity of 154.0 mgL.  Control 
sunival was 95% in the solvent control and 100% in the  dilution water control. The 96-h LC, 
value  for N. nrercedxs was 0.16 p g L  

CDFG (1992e) - In 1992,96-h static renewal  toxicity  tests  (Test No. 92-142) were  performed on 
technical  grade  chlorpyrifos (W?) with neonate mysid Neomysis mercedis. ASTM (1992) testing 
guidelines  were  followed.  Five concentrations of  Chlorpyrifos were tested and  solvent and 
dilution  water controls were  used. . TWO replicates per concentration were tested. Chlorpyrifos 
concentrations  were  measured  at the beginning and  end of each test and  averaged  71 to 84% of 
nominal  concentrations. Water quality  parameters  during  the test averaged:  temperature of 
17.1"C;  pH of 8.4; dissolved oxygen  level of 9.3 m a ;  hardness of 509.0 m@; condunivitv of 
3  15 1 pdcm; and allralinity of 15 1 .O mgL. Control survival was 1 Oooh for both solvent and- 
dilution  water  controls. The 96-h LC, value for h! mercedis was 0.14 @,,. 
CDFG I1992e) - In 1992,96-h static renewal  toxicity tests (Test No. 92-143)  were performed by 
CDFG on technical grade chlorpyrifos  (99?h) .with neonate  mysid Neoqsis  merceds. ASTM 
(1992) testing  guidelines were followed. Five  concentrations of chlorpyrifos  were  tested and 
solvent and  dilution water controls were used. TWO replicates per concentration  were  tested. 
Chlorpyrifos  concentrations were measured at the beginning and  end of each test and  averaged 71 
to 84% of  nominal concentrations. Water quality  parameters during the test averaged: 
temperature of  17.4"C;  pH of 8.2;  dissolved oxygen level  of  8.9 mg5;  hardness of 5 15.0 m a ;  
conductivity of 3 192 p d q  and alkalinity of 15 1.5 m@. Control swival was 1Wh for both 
solvent and  dilution water controls. The 96-h  LC,  value for h! mercedis was 0.15 pa. 
CDFG (1992Q - In 1992,96-h static toxicity tests (Test NO. 92-139) were performed by the 
'CDFG  on technical grade chlorpyrifos (9Yh) with neonate chdoceran Ceridizphniu dubia. EPA 
(1989) and ASTM (1988a,b)  testing  guidelines  were  followed. Five concentrations of 
chlorpyrifos  were  tested  and  solvent  and  dilution water controls were used. NmerepIicates per 
concentration  were tested. Chlorpyrifos  concentrations  were  measured at the beejnning and  end 
of each test and  averaged 75 to 100% of nominal concentrations. Water quality  parameters 
during the test avemged: temperature of 24.3"C, pH of 8.2; dissolved oxygen level of 7.7 mgL; 
hardness of 121.5 m@; conductivity of333.7 p d q  and alkalinity of 105.0 m a .  Control 
survival  was  90% in both the solvent  and  dilution water controls. The 96-h LC,  value for C. 
dubia was 0.08 pg5. 

CDFG (1992fj - In 1992,96-h static toxicity tests (Test No. 92-150) were performed  by the 
CDFG on  technical grade clilorpyrifos  (99%) with neonate  cladoceran Cerkwizphniu  dubia: EPA 
(1989) and ASTM (1988a,b)  testing  guidelines were followed.  Five  concentrations of 
chlorpyrifos  were tested and solvent  and dilution water controls were used. Nme  replicates per 
concentration  were tested. Chlorpyrifos  concentrations  were  measured at the beginning and  end 
of each test and  averaged  94 to 105% of nominal concentrations. Water quality parameters 
during the  test  averaged: temperature of24.6"C; pH of 8.3;  dissolved  oxygen  level of 7.7 m a ;  
hardness of 120.0 m&, conductivity of 325.7 p d q  and alkalinty of 107.0 m@. Control 
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sunival was 100% in both  solvent and  dilution water controls. The  96-h  LC,  value for C. dubia 
was 0. I3 p@. 

Clark  et al. (1985) - In 1985,96-h static and  flow-through  toxicity tests were  performed by the 
US. EPA on  technical  grade  chlorpyrifos  (percent active ingredient  not  specified)  with  tidewater 
silverside Menidiupeninnrlae and  inland  silverside Menidia bevllinu. ASTM (1980)  testing 
guidelines  were  followed.  Five  concentrations of chlorpynfos were tested  and  solvent and 
dilution water controls were  used.  One  replicate  per  concentration  was  tested. Chlorpynfos 
concentrations were measured at  48-h  and  9641 but  values were not  mentioned.  Water 
temperatures in the tidewater  and inland  silverside tests averaged 24.6T and  24.5OC, respectively. 
Other water quaIity parameten during the test were  measured  but values were  not given. Solvent 
and dilution water controls were used  and  survival was within STM guidelines.  The  96-h  LC, 
values for tidewater silverside  and  inland  silverside  were 1.3 pg/L and 4.2 pg/L, rqkctively. 
Although this study had some  deficiencies it was considered acceptable because of  the reputation 
of the laboratory, ASTM guidelines  were  followed,  and control dval was acceptable. 

Federle and  Collins  (1976) - In 1976,96-h static  toxicity tests were performed by the  Department 
of Entomology, Ohio State University on technical grade chlorpyrifos (94%) with adult  crawling 
water beetle Pefodyles sp.  Commonly  recognized testing guidelines  were  not  mentioned.  Four 
concentrations of chlorpyrifos  were  tested and a  solvent control was used. Three replicates per 
concentration were tested. All concentrations tested were  nominal.  Water quality parametas 
during the test averaged:  temperature of 25 52OC; pH of 7.4;  dissolved  oxygen  level was not 

Peradyles sp. was 0.8 pg5. 

Hansen et al.  (1986) - In 1986,96-h static toxicity tests were performed by the U.S. 
Environmental Protection Agency on  technical grade chlorpyrifos  (92%) with 2-mo. old gulf 
toadfish O p m s  beta. ASTM (1985)  proposed  testing guideliws were  followed.  Five 
concentrations of chlorpyrifos  were tested and  solvent  and dihmon wata controls  were used. 
One replicate per  concentration  was  tested.  Chlorpyrifos  conCentrations  averaged 50 to 60% of 
nominal  Concentrations. Water quality parameters  during the test averaged:,temperaiure  of  25 to 
27°C; pH was not  mentioned;  dissolved  oxygen was not m e a s u r 4  and salinity of 2Y/, to 30°/,. 
Control survival was 1Wh. The 96-h LC, value for Opsmrus beta was 520 p a .  

Holcombe et al. (1982) - In 1982,  a 96-h flow-through  toxicity test was  performed  by the U.S. 
EPA on technical grade DursbanR  (99.9%)  with  juvenile rainbow trout Oncorhynchus mykiss and 
3 1 d   t o   3 2 4  old  fathead  minnow Pimephalespromeh. APHA (1975)  and EPA(1975) testing 
guidelines were followed. Five concentrations of D u r s b a n R  and a water  control were  tested i n .  

each test.  Two replicates per concentration  were tested. Chlorpyrifos  concentrations  were 
measured daily and  averaged 88 to 112% of nominal concentrations in rainbow  trout tests and 84 
to 1 16% in fathead minnow tests. Water quality parameters during the test averaged:  temperature 
of 15.6 +1.8"C for rainbow trout tests and  25.1 +1.3"C for fathead minnow tests; pH of 7.0 to 
7.4;  dissolved  oxygen level of 9.3 mg/L for rainbow trout tests and  7.3 mg& for fathead  minnow 
tests; hardness of 45.3 mg&; and alkalinity of41.8 mglL. Comol survival was 1Wh in  both 

;z> mentioned but test solutions were aerated.  Control survival was 95%.  The  96-h LC, value for . . . . _  
. I  .. . .  

. . . . .  ... ... 
,. . . ...I . .  
-... 
A, 4 1  



tests. The 96-h  LC,  value for  the  fathead  minnow  was  203 pfl .  The  96-h LC,  value  for the 
rainbow trout was 8.0 pg!'L. 

Jarvinen  and Tanner (1982) - In 1982,96-h flow-through  toxicity tests were performed  by the 
U.S. EPA  on  technical grade chlorpyrifos (98.7%) with  larval fathead  minnow Pimephdes 
promelm. APHA (1975) testing  guidelines  were  followed.  Five concentrations ofchlorpyrifos 
were  tested and a  dilution water control  was  used. TWO replicates per concentration were tested. 
hfeasured  concentrations  averaged  102 to 144% of nominal concentrations. Water quality 
parameters  during  the  test  averaged:  temperature of 25.0 9 6 ° C ;  pH of 7.4 to 7.8; dissolved 
oxygen  level of 6.5 to 8.4 mgL; hardness of 45.8 mgL; and allcalinity of 43.1 mf l .  Control 
survival  was 1Wh. The  96-h  LC, value for P. promelas was 140 pgL. 

Kerstine and Van M'ijnclaarden 11992) - In 1992,  a  48-h  static toxicity test  was performed by the 
Research  Institute for Nature Management in The Netherlands on technical grade chlorpyrifos 
(99%) with - 4 - h  old cladoceran Daphnia mugncr. Commonly recognized test guidelines  were 
not  mentioned. Six concentrations of chlorpyrifos  were  tested  ,and solvent and dilution wata 
controls were  used.  Two  replicates per concentration  were tested. Chlorpyrifos concentrations 
were measured at the begmning of each test and  averaged  57% of nominal  concentrations. Water 
quality parameters  during the test averaged:  temperature  of  19.5 9.5.C; pH of 6.8 to 7.0; and 
dissolved  oxygen  level of 7.7 m#L to 8.8 m a .  Control survival was lW?. The 48-h  LC, 
value  for D. m u m  was 1 .O pg/L. 

Macek  et al. (1969) - In 1969,964 static toxicity tests were performed by the US. Bureau of 
Sport Fisheries and Wddlife on technical grade h s b a n R  (97%) with rainbow trout 

:'. : : ?., 

Oncorlgm9zus mykiss. Commonly recognized testing  guidelines were  not mentioned.  Seven 
concentrations of chlorpyrifos and  a  solvent control were  tested. One replicate per  concentration 
was tested. All concenuations were nominal.. Water quality parametas during the test averaged: 
temperalure of 1.6 9 .6"C in one series oftests, 7.2 9 6 ' C  in a second series oftests, and 12.7 
+0.6'C in a  third  series of tests, pH of 7.1;  dissolved  oxygen  level was not measured  but  solutions 
used in tests were  well aerated; and allcalinity of 35 m a .  Control survival was 1Wh. The  96-h 
LC, value  for 0. mykiss at 1.6T was  5 1 pa. The 96-h LC, value for 0. mykiss at 7.2"C was 
15 pa. The 9 6 4  LCs values for 0. mykiss at 12.7"'C was 7.1 p a .  Only the test performed at 
12.7 9.6''  C  was used because it most closely  adhered to ASTM (1988a) standards for trout 
tests. 

.. . . . I  . . .  . .  . . .  ,. 
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Maver  11987) - In 1987,  results of acute  toxicity tests on 197  chemicals with 52 estuarine  and 
marine  species  were  compiled. All tests were  performed at the Environmental  Research 
Laboratory, GulfBreeze, Florida during  1961 to 1986.  The tests used technical  grade 
chlorpyrifos  (92%).and  generally  complied with ASTM (1980) standards. At l eas t  four 
concentrations  of chlorpynfos were tested in each test. Depending on the species,  temperatures 
ranged from 11°C to 31%. Dissolved  oxygen, p b  control survival, water hardness, and 
chlorpyrifos concentrations were not  given.  The  96-h  and  48-h LC, values and the 48-h EC, 
values are listed in Table  A-1. Although information  about  some important test characteristics 
could  not  be  obtained,  most of these data  were  accepted because of the  use of ASTh4 guidelines - .  
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and the  reputation  of the laboratory.  Acceptable data were  available for Atlantic and  tidewater 
silversides,  blue  crab,  brown, grass, and  pink  shrimps,  California grunion, gulfand longnose 
Hcillifish gulf toadfish A4ysidopsis  bahia, sheepshead  minnow,  and  striped  mullet. 

Maver  and  Ellenieck (1986) - In  1986,  a  study was conducted by the Fish  and Wddlife Service to 
generate static acute toxicity test data  for  410  chemicals  with 66 freshwater species. All  teSts 
were  performed  at the Columbia  National  Fisheries  Research  Laboratory  and its field laboratories 
between  1965 to 1984. The studies on technical grade chlorpyrifos  (97??)  were  conducted with 
eight  species.  The tests were  generally in compliance  with ASTM (1980) and EPA (1975) 
standards. At leas t  five  concentrations of chlorpyrifos  were tested. Two replicates per 
concentration  were tested. Depending on the species, water quality  parameters  during  the tests 
were as follows:  temperature of 2.0"C to 29°C;  pH of 6.0 to 9.0; and hardness of 44 m g L  to 272 
mg/L. Control survival,  dissolved  oxygen,  and  measurement of chlorpyrifos  concentrations  were 
not discussed.  The 96-h LC, values are listed in Table A-1.  Although  information  about  some 
important  test  characteristics  could  not be  obtained, most of these data  were  accepted  because of 
the use of ASTM guidelines  and  the  reputation of the laboratory.  Acceptable  data were available 
for bluegdl,  channel catfish, and lake and cutthroat trouts. 

Phioos and  Holcombe (1985) - In 1985,96-h flow-through  toxicity tests were  performed by the 
U.S. EPA on technical grade chlorpyrifos (99.9%) with  rainbow trout Oncorhynchus mykiss, 
fathead  minnow Pimephalespromelar, goldfish Carassius a r m ,  channel cattish IctaluNs 
puncta!us, bluegill Lepomis  macrochirus, crayfish Orconecfes i m m i s ,  and snail Apleyl 

concentrations of chlorpyrifos  were  tested  and water controls were used. One  replicate  per 
concentration w& tested in aU tests. Chlorpyrifos concentrations were measuTed  daily  and 
averaged 85 to 114% of nominal concentrations. Water quality paramam during the test 
averaged:  temperature of 17.3  +0.6"C;  pH of 7.1  to 7.8; dissolved  oxygen  level of7.5  21.6 mg/L; - 

hardness of 44.4 m@; and alkahty of 45.4 m a .  Control sunival was loOO?.  The 96-h LC, 
value for rainbow trout, fathead  minnow,  goldfish,  channel catfish, bluegill,  crayfish,  and  snails 
were 9 p a ,  542 p a ,  '806 pgL, 806 pgL, 10 p a ,  6.0 p a ,  and >806 pgL, respectively. 

Sanders  (1969) - In 1969,96-h static toxicity tests were performed by the U.S. Bureau of Sport 
Fisheries  and Wildlife on technical  grade  Dursban' (97%) with 2  month  old e5 days)  amphipod 
Gmmurus lacusfris. Commonly  recognized  testing  guidelines  were  not  mentioned.  Five 
concentrations of Dursban' were  tested  and a dilution water control was  used.  One  replicate per 
concentration was tested. Measurement of chlorpyrifos  concentrations  was  not  mentioned. 
Water quality  parameters during the test averaged: temperature of 70 +1T; pH of 7.1;  dissolved 
oxygen was not  measured  but test water  was  aerated for 10 minutes  before  testing  began; and 
a h h i t y  of 30.0 mg/L. Control  survival  was 1oOO/0. The 96-h  LC, value for G. I a c u m s  was 

..c.. ;;>.:..) hpnorum. ASTM (1980) and APHA (1980) testing guidelines  were  followed. Three or five 

. . .. . . .. .. 

0.11 &L. 

Sanders and Coue (1968) - In 1968,96-h static toxicity tests were  performed by the U.S. Bureau 
of Sport Fisheries  and  Wddlife on technical grade Dunban' (97%) with naiad stoneflies 
Pferonmcys californica, Pteronarcella badia, and C k e n i a  sabulosa. Commonly r e c o r n  
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testing  guidelines  were  not  mentioned.  Four  concentrations of DunbanR were tested and a 
dilution  water  control  was used. One replicate  per  concentration \vas tested. hleasurement of 
chlorpyrifos  concentrations was not mentioned. Water quality  parameters  during  the  test 
averaged:  temperature of 1 5 . 5  9 5 ° C ;  pH of 7.1; dissolved oxygen  level of 7 m g L  initially, 5 
m g L  after 2441, and 3 mg/L at 9 6 4  alkalinity  of 35 mg/L. Control survival was lOO??. The 96- 
h LCIo values for Pteronarqvs colifontica, PleronarceNa badin. and Claassenia sabulosa were 10 
p-g/L, 0.38 p a ,  and 0.57 pg/L, respectively.  Although  the  dissolved  oxygen was too low,  these 
tests were  accepted  because control survival was 100% 

.~ . 
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, .  ~. 
r .  Unaccepted acute toxicity tests - The  following tests for  chlorpyrifos  evaluated in Menconi  and 

Paul (1994) did  not  use  accepted  test  methods andor produce accepted  results. 

Acevedo 1 199 1) - In 199  1.96-h static and flow-through  toxicity tests were  performed by the 
Hawaii  Institute of Marine  Biology  on  technical grade chlorpynfos (percent  active  ingredient  not 
specified) with coral  planulae Pmilloporu h i c o r n i s .  EPA (1 988) testing guideiies were 
followed.  Four concentdons of chlorpyrifos  were tested. Three replicates per concentration 
were tested.  The use of controls  was  not  mentioned.  Measurement  of  chlorpyrifos 
concentrations was  not  mentioned.  Water  quality parameters during the study averaged: 
temperature of  25-2PC; pH was not mentioned,  dissolved  oxygen  level  was  not  mentioned;  and 
salinity  was  not  mentioned.  Control survival was not mentioned. The static and flow-through 
LC,,, values  were  not  reported. This test was not used because essential information, such as 
toxicity values,  and  control survival, was lacking. 

Ai and  Maiori  11982) - In 1982,24-h  toxicity tests were  performed by the  University of Florida 
on technical grade chlorpyrifos  (percent active ingredient not specitid) with fourth instar larvae 
of midge Chironomus Salinmius. Commonly recogn ized  testing guidelines  were not mentioned. 
Four to five  concentrations  and  a dilution water control were tested. Three replicates per 
concentration  were tested. Measurement of chlorpyrifos concentrations was  not  mentioned. 
Water quality  parameters  during the test  averaged: temperature of 27 22°C;  pH of 7.8 to 9.0; 
dissolved  oxygen  level of <2 to 10 m a ;  and dinky of  27  to 45*/,. Control  survival was not 
mentioned.  The  24-h LC,  value for C. sulinurius was 0.44 p a .  This value was not used 

0. . . .  ... ..:. 
, . ... . .: ;! because the organisms had been exposed to pesticides prior to testing, dissolved  oxygen levels fell 
... below an acceptable range, and essential information, such as control survival, was lacking.  .. 

CDFG 11992f) - In 1992,964 static toxicity tests (Test NO. 92-137) W ~ R  performed by CDFG 
on technical grade chlorpyrifos (99%) with neonatccladoceran CeriodrqDhnia dubia. EPA (1989) 
and ASTM (1992a.,b) testing guidelines were followed. Five concentrations of chlorpyrifos were 
tested and solvent aad dilution water controls were used. Nme replicates per concentmion were 
tested. Chlorpynfos  concentrations  were  measured at the begtnnhg and  end of each test and 
averaged  105 to 150% of nominal concentrations. Water  quality  parameters  during the test 
averaged: temperature of 24.5"C; pH of 8.4; dissolved  oxygen  level of 7.7 m a ;  hardness of 
119.0 mg/L; conductivity of345.6 p d w  and alkalinity of 105.5 mg/L. Control sunival was 
70%  in the solvent control and 1 W ?  in the dilution water control. The 96-h  LC, value for C. 
&bin was 0.12 p a .  This value was not used because solvent control  survival  was less than 
90%. 

Carter and Graves 11973) - In 1973,96-h static toxicity tests were performed by the Department 
of Entomology, Louisiana State  University on chlorpyrifos -cent active  ingredient  not 
specified) with White  River  crayiish Procumburus acurUs, bluegill Lepomis  macrochirus, 
mosquitofish Gambusia &inis, and  channel catti& I c r a l u r u s p ~ ~ .  APHA (n.d.) testing 
guidelines were followed.  The number of chlorpynfos concentrations tested and use of controls 
were not  mentioned.  Five  replicates per concentration were used in the m@sh tests. Two 
replicates  per  concentration  were used in all other tests. Measurement of chlorpyrifos 
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I . . . . . . ,  . . ./.I 
. .  . . .  . . . . .  . . .., .._- 51 



concentrations was not  mentioned.  Water  quality  parameters  during the test averaged: 
temperature of 26T  in  crayfish  and  channel  catfish  tests,  23°C  in bluegill tests, and  24°C  in 
mosquitofish tests; pH  was  not  mentioned for any test; and  dissolved  oxygen  level of 7  mg/L to 
IO mgL in bluegll and channel  catfish  tests,  9 m g L  to 11 myL in White River  crawfish tests, 
and 9  mp/L in mosquitofish tests. The 96-h  LC,  values for crayfish,  bluegill,  mosquitofish,  and 
channel  catfish  were  2 p a ,  30 p a ,  280 p a ,  and 160 p a ,  respectively. These  values  were 
not used because  essential informatios such as control survival and concamations tested, was 
lacking. 

Cebrian  et al. ( 1  992) - In 1992,96-h static toxicity tests were performed by the Department of 
Animal Biology, University of Valencia,  Spain  on  technical grade chlorpyrifos (99.8%) with 
crayfish Procumburus chhii. EPA (1975) testing  guidelines  were followed. The chlorpyrifos 
concentrations  and  number of replicates  tested were not mentioned. A solvent control was used. 
Measurement of chlorpyrifos concentrations was  not  mentioned. Water quality  parameters  during 
the  test  averaged: temperatwe of 22 51°C;  pH of 7.9 9 . 2 ;  dissolved  oxygen l e v e l  was not 
mentioned;  hardness of 250 m& as CaCO,; and  alkalinity O f  4.1 m M L  Control survival was 
not  mentioned.  The 96-h LC, value for P. clnrki was  21 pglL, respectively. This value was not 
used because essential  information, such as control  survival  and  Concentrations tested, was 
lacking. 

,? 

Danvazeh  and MuUa (1974) - In 1974,92-h toxicity tests were performed by the Department of 
Entomology,  University of California at Riverside on technical chlorpyrifos (percent  active 
ingredient  not  specified) with mosquitofish Gwnbusiu sffinis. Commonty  recognized  testing 
guidelines  were  not  mentioned. The chlorprifos concentrations tested were not  mentioned. Two 
replicates per concentration were tested. Measurement of chlorpyrifos concentrations was  not 
mentioned. Water quality parameters during the test  were not mentioned. Control survival was 
not  mentioned. LCm values were not determined in this study. The 92-h G5 value  for G. @nis 
was lo00 pg/L. The test was umxeptable because essential information, such as water quality 
parameters and concentrations tested, was lacking, the test duration was less than 96-h, and LC, 
values  were  not  determined. 

Davev  et  all (19761 - In 1976,72-h static toxicity tests were performed by the Department of 
Entomology,  University of Arkansas on chlorpyrifos  (percent active ingredient not  specified)  with 
mature  mosquitofish Gmnbusiu e n i s  and green sunfish Lepomis Cyanellus. Commonly 
recognized testing guidelines  were not mentioned.  One concentration.of chlorpyrifos  was tested 
and a  solvent  control was used. Two replicates per concentration were tested. Measurement of 
chlorpynfos  concentrations was not  mentioned.  Water  quality parameters during the test were 
not  mentioned. Control wMvd was not mentioned. The 7 2 4  LC, vaiues for the mosquitofish 
and the green sunfish  were 260 pglL and 40 pgL, respectively. These values were  not used 
because  the test duration  was too short, an  inadequate  number of concentrations was tested,  and 
essential information, such as water quality  parameters  and control survhl, was lacking. 

,/?-.'. .. . . 
. . .. . ., . . .. 
,.: .. 

h e s t  (1970) - In 1970,96-h static and  flow-through  toxicity tests were performed by the U.S. 
Bureau of Sport Fisheries  and  Wddlife on technical  grade  DursbanR (99%) with Korean shrimp 
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Poloemon mucrodocylus. A 96-h flow-through  toxicity test was performed on DunbanR (90%) 
with striped bass Morone smnrilis. Commonly  recognized  testing  guidelines  were  not  mentioned. 
Dursban'  concentrations,  number of replicates,  and use of controls were not mentioned. 
Measurement of chlorpynfos concentrations was not  mentioned.  Water quality parameters  during 
the test averaged: temperature  of 12.2"C to 12.8"C; pH was not  mentioned,  dissolved  oxygen 
level was not  mentioned;  and  salinity of 1 So/, to 3'0"1,. Control sunival was  not  mentioned.  The 
96-h static and  flow-through TLd for the Korean shrimp were 0.25 pg/L and 0.01 p a ,  
respectively.  The 96-h flow-through.&  for the striped bass  was 0.58 p g L  These  values  were 
not used because essential information, such as control survival  and use of controls. was lacking. 

El-Refai et al. (19761 - In 1976,48-h static toxicity tests were  performed by Ai-Azhar University 
Cairo on Dursban' (40.8%) with 6ngerling tilapia Tikpiu nilorica and carp C'rim uvpio. ' 

Commoky recognized testing guidelines were not mentioned. One replicate per CoMXntTBtion. 
was tested when h e r  fish were used, othuwise replicates were not used. Chlorpyrifos 
concentrations were measured but values were not given Water quality parameters  during the 
test averaged: temperature of 22°C to 25°C; pH of 7.8 to 8.2; $ssolved  oxygen  level of 6.8 mg/L 
to 7.4 mgk;  hardness of 116 m g 5  to 123 mgL; conductivity of 270 to 300 pmhdcq and 
alkalinity of 1 2 2  m g 5  to 125 mgL. Control survival was not mentioned.  For smaller carp, the 
48-h LC, value  was 280 pgL. For  larger carp, the 48-h LC, value  was 59 p a .  For smaller 
tilapia, the 48-h LC, value  was 62 p a .  For larger tilapia, the 48-h LC, value  was 114 p a .  
These values were not used because essential information, such as control survival, lackiug, 
the  test duration was less than 96-4 the pesticide  formulation used was too low in aaive 
ingredient, and the  temperature varied  by more than 2°C. 

Fereuson et al. (1966) - In 1966,36-h toxicity tests were performed by the Departma of 
Zoology, Mississippi State University on technical grade chlorpyrifos (99 51%) with the golden 
shiner Notemigonus nysoleucas, mosquitofish Gmnbusiu &inis, and p e n  sunfish kpomis 
cymrellus. Commonly  recognized testing guidelines  were not mentioned.  Chlorpyrifos 
concentrations and number of replicates tested were not mentioned.  Measurement of chlorpyrifos 
concentrations was not mentioned. Water quality parameters during the test averagut 
temperature was not  mentioned, pH of 7.4; dissolved  oxygen  level was not mentioned,  and 
hardness of 24 mgL. Control sunival was 95%. The 36-h LC, values  for the golden shiner, 
mosquitofish,  and green sunfish were 35 pg/L to 125 p a .  215 p g 5  to 595 pg5, and 22,s p g k  
to 125 pg5, respectively. These values were not used because test duration was less than 96-h 
and organisms  were exposed to pesticides prior to testing. 

Ferrando et al. (1991) - In 1991,96-h flow-through  toxicity tests were  performed  by the 
Department of Animal Biology,  University of Valencia,  Spain on technical grade  chlorpyrifos 
(97%) with the European eel Anguillu unguillu. U.S. EPA (1975) testing  guidelines were 
followed. Chlorpyrifos concamations tested were not mentioned.  Solvent  and dihrtion water 
controls were used. Three replicates per concentration were tested. Measurement of chlorpyrifos 
concentrations was not mentioned.  Water quality parameters during the test averaged: 
temperature of 20°C; pH of 7.9 9 . 2 ;  dissolved  oxygen  level was not meation&,  alkalinity of 4.1 
mmollL; and  a  hardness of 250 mg/L. Control  survival was lW?. The 964-i- value for A. 

..'7..%, :. :.. ., ..... , 
m . .  .. . . . .  . ..: 

53 



attgttilla was 510 pgL. This value  was  not  used  because  dissolved  oxygen  was  not  measured  and 
essential  information,  such as concentrations  tested,  was  lacking. 

Ferrando and Andreu-hloliner (19911 - In 1991,24-h static tosicity tests were  performed by the 
Department  of Animal Biology,  University  of  Valencia,  Spain on chlorpyrifos  (percent active 
ingedient not specified) with newly  hatched  rotifera: Brachionus caljc1J7oms and Brachionus 
plicarilis. EPA (1985) testing  guidelines  were  followed.  Five  concentrations of chlorpyrifos were 
tested. Use of a  control was not  mentioned. Three replicates  per  concentration  were tested. 
Measurement  of  chlorpyrifos concentrations was  not  mentioned. Water quality  parameters  during 
the test averaged:  temperature of 25°C; pH  of 7.4 to 7.8 in B. ca~rijloms tests and 7.7 in B. 
pliatilis tests; hardness of 80 m g 5  to 100 mg/L in B. ccUjc1~7om tests (hardness not mentioned 
in B. plicarilis tests);  and saliniry of 15'1, in B. plicarilis tests (salinity not mentioned in B. 
calyciflorus tests). Control  survival  was 1Wh for  both B. CUI)~IJ~OUS and B. plicatilis tests. 
The 24-h LC, value for B. d)r1f7oms and B. plicatilis were 1 1850 p g 5  and 10670 p& 
respectively. These values  were not used because essential information, such as percent active 
ingredient, was lacking. 

Holbrook 11982) - In 1982,24-h static  toxicity tests were  performed by the US. Department of 
Agriculture on technical grade chlorpyrifos (percent  active  ingredient  not  specified) with fourth 
instar larvae  of  ceratopogonid, Culicoides variipems. Commonly recognired testing guidelines 
were not mentioned.  Four c o n d o n s  of chlorpyrifos were tested and  a ditution water control 
was used. Two replicates per concentration  were  tested.  Measurement of chlorpyrifos 
concentrations  was not mentioned.  Water quality parameters  during the test averaged: 
temperature of 22 21°C;  pH of 7.0; and  dissolved  oxygen was not  measured. Control survival 
was  not  mentioned.  The 24-h LC, value for C. vuriipennis was 4.3 p a .  This value was not 
used  because test duration  should have  been 96-h (ASTM 1988a)  and  information for several test 
parameters  were missing. 

Holbrook 11983) - In 1983,24-h static toxicity tests were'performed by the U.S. Department of 
Agriculture on technical grade chlorpyrifos (percent  active  ingredient not specuied) with larvae of 
ceratopogonid, Culicoides Varipennis. Commonly  recognized  testing  guidelines were not 
mentioned.  Five concentrations of chlorpyrifos were tested and  a  dilution water conttql was used. 
Three replicates  per  concentration  were tested. AU concentrations were nominal. Water quality 
parameters  during  the test averaged: temperature of 22 21°C;  neutral pH; dissolved  oxygen was 
not  measured  but  larvae  remained  close to the surface,  and soft water was used. Control  survival 
was  greater  than 90%. The 24-h LC, value  for C. m'ipennis was 2.96 p&. This value was 
not used  because test duration  should  have  been %-h (ASTM 1988a) and  information for several 
test parameters  were  missing. 

Kenaea et $. 119651 - In 1965,24-h toxicity tests were performed by the Dow  Chemical 
Company on DursbanR  (percent  active  ingredient  not  specified)  with adult and  nymph cladoceran 
Dapknia sp., immature goldfish Cqassius auratus, and mature snail Helisoma rn 'dv is .  
G W c a l  Specialties  Manufacturers  Association (1963) Wing guidelines  were  followed.  Three 
concentrations  of  iXlrsbanR  were tested. There was no mention of the use of controls. The 
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number of replicates  tested was not  mentioned. Measurement of chlorpyrifos  concenmations was 
not  mentioned.  Water  quality  parameters during the test  averaged:  temperature of 65°F;  pH was 
not  mentioned;  dissolved  oxygen  level  was  not  mentioned,  and  hardness  was  not  mentioned. 
Control suMval was  not  mentioned.  The  24-h  LC,  value  for  cladoceran,  goldfish, and snail were 
16 p&, 180 p a ,  and  >2000 p a ,  respectively. These values  were  not used because amte 
toxicity tests using  fish  must be 96-h in duration (ASTh4 1988a).  and  essential information, such 
as the use of controls and control sunival, was lacking. 

Sanders (1972) - In 1972,96-h static  toxicity tests were  performed by the U.S. Bureau of Sport 
Fisheries  and  Wddlife on technical  grade D u r s b a n R  (97%)  with  amphipod G m n m a r u s f i i m .  
Commonly  recognized  testing  guidelines were. not  mentioned. Fwe concentrations of -' 
were  tested. The use of a control was  not  mentioned. One replicate  per  concentration was 
tested. Measurement of chlorpyrifos concentmiom was not mentioned. Wata quality 
parameters during the test averaged:  temperature of 21 +O.SoC; pH of 7.1; dissolved oxygen level 
of 8 4; and  alkalinity of 35 m a .  Control swiral was not  mentioned. Tbe 96-h LC, value 
for G.jarcimus was 0.32 p a .  This value was not used because essential infomatio~ such as 
the use of controls and  control survival, was lacking. 

Schimmel  et al. (1983) - In 1983,96-h flow-through  toxicity tests were  performed by the U.S. 
EF'A on  technical  grade  chlorpyrifos (92%) with Atlantic  silverside Menidu menidia, mysid 
Mysidopsis bahia, sheepshead  minnow Cjprincdon wriegatus, longnose killifish F~tmia~Iur 
similis, and striped mullet MugiI cephalus. ASTM (1980) testing guidelines  were foIlowed.. 

;.:.:;.i Chlorpyrifos  concentrations tested were  not  mentioned.  Solvent  and  dilution water controls were 
used. Three replicates per concentration  were tested in mysid tests. The number of replicates 
tested in fish tests was  not  mentioned.  Chlorpyrifos concentrations were  measured but values 
were not given. Water  quality  parameters  during the test were not mentioned. Control survival 
was not mentioned.  The 96-h LC, value for the Atlantic  silverside,  mysid,  sheepshead  minnow, 
longuose W s h ,  and  striped  mullet  were 1.7 pgL, 0.035 p& 136 pgiL, 4.1 p a ,  and  5.4 
p a ,  respectively.  These  values  were  not used became- essential information, such as water 
quality  parameters and control  survival,  was lacking.  

Strickman (1985) -In 1985,7-d static  toxicity tests were performed by the  US &Force 
Occupational and  Environmental  Health Laboratory on technical grade chlorpyrifos (93 to 1 Wh) 
with  second instar mosquito Wjeomyia smirhii. Commonly recognized testing  guidelines were 
not  mentioned.  Three  concentrations of chlorpyrifos were tested and a  solvent control was used. 
Eight replicates  per  concentration  were  tested. Measurement of  chlorpyrifos concenmtions  was 
not  mentioned.  Water  quality  parameters dwing the test averaged:  temperature of 27°C;  pH was 
not  mentioned;  dissolved  oxygen  level  was  not  mentioned;  hardness  was  not  mentioned. Control 
survival  was not mentioned.  The data fiom this study were not used because essential 
information, such as LC, value, control sunival, and  dissolved  oxygen  level,  was  lacking. 

Thirumanum and  Fornash  (1977) - In 1977,96-h  flow-through  toxicity tests were performed by 
the Department of Entomology  and  Economic Zoology, New BNnswick  State  University on 
technical grade chlorpynfos  (99.5%)  with  mummichog Fwrjulus betermfitus. Commonly 
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recognized  testing  guidelines  were  not  mentioned.  Five  concentrations of chlorpyrifos  were 
tested and a  solvent  control was used. Two replicates per concentration  were  tested. 
htasurement of chlorpyrifos  concentrations was not  mentioned. Water quality  parameters  during 
the test  averaged: temperature of 15°C; pH of 7.5 to 8.0; dissolved  oxygen  level was not 
mentioned but the  testing  solution was aerated; and  salinity of 20°/, to 25"/,. Control  survival 
was  not  mentioned.  The  96-h LC,  value for F. hererocliris was 4.65 pfl. The 96-h LC, value 
for F. hefcrocliris was not used because  essential  information,  such as control survival,  was 
lacking. 

U.S. Annv Environmental  Hveiene  Agencv (1970) - In 1970, toxicity tests were  performed  by  the 
US. Army Environmental  Hygiene  Agency  on Dunban" (percent  active  ingredient  not specified) 
with first instar lanae of mosquito Culicoidespipiens p in lquefaCiUbtS .  Commonly  recognized 
testing guidelines were not  mentioned.  Eight  concentrations of DursbanR  were  tested  and  a 
solvent  control was used. Four replicates  per  concentration were tested. Measurement of 
chlorpyrifos concentrations was not  mentioned. Water quality parameters during the test were 
not  mentioned. Control survival was not  mentioned.  The test found that sublethal  ,concentrations 
of DursbanR had no effect  on lwal development of C. pipiens quinquefasiufus. This 
information was not used  because  essential information, such as acute toxicity data and conuol 
survival,  was  lacking. 

Walton et al. 11990) - In 1990,24-h static toxicity tests were  performed by the Department of 
Entomology, University of California at Riverside on chlorpyrifos (the percent  active mgrdent 
not  specified)  with 4-5 day old  tadpole  shrimp Tnops longicadurus. Comonly recognized . :. ... : .; ; .\ 

testing guidelines were not  mentioned.  Measurement of chlorpyrifos  concentrations was not 
mentioned. A solvent control was used. Ten replicates per concentration were tested.  Water 
quality parameters  during the test averaged: temperature of 28 5 2 T ;  pH was not  mentioned; 
dissolved oxygen  level  was  not  mentioned. Control survival was not  mentioned.  The 24-h LC, 
value for T. longi&&s was 4.0 p&. This value  was  not used because essential informarion, 
such as concentrations tested and control  survival, was lacking: 
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, I  .-kcepted chronic toxicity tests - The follov;ing tests for chlorpyrifos  evaluated in hienconi and 
Paul (1994) used accepted  test  methods. 

Criw et al. (1986) - In 1986,28-d flow-through chronic toxicity  tests  were  performed by the U.S. 
EPA on technical  grade chlorpyifos (92%) with sheepshead minnow Crprinodon vmiegam. 
Commonly recognized chronic  test  guidelines were not  mentioned.  Five  concentrations  were 
tested and a solvent  control  was used. Two replicates per concentration  were  tested. 
Chlorpynfos concentrations were measured weekly  and  averaged  66 to 76% of nominal 
concentrations for  the fist series  of tests and 64 to 74% of nominal concentrations for the second 
series of tests.  Water  quality  parameters  during the test averaged: temperahln of 30 51°C; pH 
range of 7.9 to 8.1; dissolved  oxygen  level of 5.0 mgL; and salinity of 28'1- for the first series of 
tests and 25"/, for the second series of tests. Control survival 97 to IOOO? for the first series 
of tests and 96 to I W ?  for the second series of tests. The NOEC  value  and  LOEC value, based 
on growth, for C. vmiegarus were 1.7 pB/L and 3.0 pPn, respectively.  The  MATC  value was 
2.26. 

Goodman et al. (1985a) - In 1985,284  flowhough toxicity tests were performed by the U.S. 
EPA on technical  grade  chlorpyrifos  (97.7%) with 32 to 36-h  old  embryos of inland  silverside 
Menidia beryllina and tidewater silversideMenidapeninsuhe. Commonly mgnizal testing 
guidelines  were  not  mentioned.  Five concentratom of chlorpyrifos were tested and solvent and 
dilution water controls  were used. One  replicate per concentration  was tested. Chlorpylifos 
concentdons were measured weekly  and  averaged 63 to 90% of nominal concentrations m M. 

..::,::.3 . . . . .  beryllina tests and  65 to 78% mM. peninshe tests. Water quality parameters during the test 
averaged: temperature of 25  52°C;  pH  was  not measured but was estimated to range 6om 7.3 to 
8.1;  dissolved  oxygen  level of 7.6 mg/L to 7.8 mg/L f0r.M. beryllina and  6.0 mgL to 6.9 mg/L 
for M. peninsukle, and salinity of 4.0"/, to 6.0"/- for M. berylha and ISoIw to 25O/, forM. 
peninsuhe. Sea water and solvent  control sunival for M. beryllina were SO?? and 83%, 
respectively. Sea water and solvent control survival for M. peninsuhe were 88% and 63%, 
respectively.  NOEC  values,  based on growth, for M. beryllina and M. peninsuhe were 0.75 
pg/L. and 0.38 p a ,  respectively. The LOEC  values  based on growth, for M. berylh and M. 
peninsuhe were 1.8 p a  and 0.78 p a ,  respectively. The MATC  values for M. beryllina and 
M. peninsukz were 1.16 and 0.54,  respectively. This test also included  Atlantic  silverside 
Menidia menida, described  in Unaccepted dtronic taricty testr. 

Hansen et al. (1986) - In 1986,  a 4 9 d  flow-through  toxicity test was  performed by the US. EPA 
on technical chlorpyrifos (92%) with gulftoadfish Opsmnrs be&. AS% (1985) testing 
guidelines  were  followed. Six concentrations of chlorpyrifos were tested and a  solvent control 
was used. Two to three replicates  per  concentration were tested. Chlorpyrifos concentrations 
were measured  weekly and averaged 50 to 60% of nominal concentrations.  Water quality 
parameters during  the  test  averaged:  temperature of 26 +z°C;  pH  was not mentioned,  dissolved 
oxygen level of 4.1 m a  to  6.4 mgL; and salinity of 25'/, to 34.5"/,. Control sunival was 97oh 
The NOEC value  and  LOEC  value,  based on growth, were 1.4 pgR, and  3.7 pgL, respectively. 
The MATC  value  for 0. beta was  2.28. 
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Jarvinen and Tanner (1982) - In 1982,32-d flow-bough toxicity tests were  performed by the 
U.S. EPA on t e c h n i c a l  Fade chlorpyrifos (98.7%) with  <48-h  embryos of fathead  minnow 
f'imeplralesprornelus. MHA (1975) testing  guidelines  were  followed.  Five  concentrations of 
chlorpyrifos  were  tested  and  a  dilution  water control was used. Two replicates per concentration 
were tested. Chlorpyrifos  concentrations  were measured weekly  and  averaged 102 to 144% of 
nominal concentrations.  Water quality parameters during the test averaged: temperature of 25.0 
- Q0.6"C;  pH  of 7.4 to 7.8; dissolved  oxygen  level of 6.5 m-gL to 8.4 m a ;  hardness of 45.8 m$; 
and  alkalinity of 43.1 m a .  Control sunival was 1 W?. The  NOEC  value and  LOEC  value, 
based on m i v a l ,  for P. promelas were 1.6 pglL and 3.2 p a ,  respectively.  The  MATC  value 
for P. promelas was 2.26. 

hicKennev et al. (1981) - In 1981,284 flow-through  toxicity tests were  performed by the U.S. 
EPA on technical grade chlorpyrifos (97.7%) with juvenile mysid Mysidopsis Wuu.  Commonly 
recognized  testing  guidelines were not  mentioned. Four concentrations of chlorpyrifos  were 
tested  and  a  solvent  control was used.  Eight  replicates p e r  concentration were tested. 
Chlorpyrifos  concentrations were measured  weekly  and  averaged 71 to 120% of nominal 
concentrations. Water quality parameters  during the  test averaged: temperature of25 k2"C;  pH 
was not measured, dissolved  oxygen  level of 6.6 9 . 2  m a ;  and saIinity of 1P/, to 2S0/,. 
Control survival was 74%. The NOEC  value, LOEC value,  and  MATC  value, based on growth, 
for M. buhju were 0.002 pg/L, 0.004, and 0.003 pgL. respectively. 

Norberr! and Mount f 1985) - In 1985,7-d static toxicity tests were performed by U.S. EPA on 
technical ~ursban~ (percent active ingredient not specified) with 1arvd fathead minnow . .,. . 
Pimephalespromelar. EPA (1982) and ASTM (1983) testing guidelines  were  followed.  Five 
concentrations  were tested and a  dilution  water control was used. Three replicates per 
concentration  were tested. Chlorpyrifos concentrations were measured and  averaged 60 to 74% 
of nominal concentrations. Wafer quality parameters during the  test averaged: tanperature of 25 
- +2"C; pH of 7.8 to 8.0; initial dissolved  oxygen  level of 8.0 mg/L to 6.0 mg/L ai 24-h; and 
hardness of 45 m a  to 48 mg/L as CaCO,. Control survival was 280%. The 7-d NOEC  value 
and  LOEC  value for P. promelar based on growth were 3.7 pg/L and 7.4 pglL, respectively. The 
MATC  value  was 5.23. 
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.?, L'nnccepted chronic toxicity tests - The  foUov;ing tests for chlorpyifos evaluated in hienconi 
and  Paul (1994) did  not  use  accepted  test  methods. 

Goodman et a l .  (198Sb) - In 1985,26-d and 3 5 4  flow-through  toxicity tests were  performed  by 
the U.S. EPA on  technical grade chlorpyifos (92%)  with  2.5-d  old fry California grunion 
Leureshes renuis. Commonly  recognized testing guidelines  were not  mentioned.  Five 
concentrations of chlorpyrifos  were tested and  solvent  and  dilution  water  controls  were used. 
Three replicates per concentration  were tested. Chlorpynfos  concentrations  were  nominal. 
Water quality parameters  during  the  test  averaged: temperature of 23°C to 26°C;  pH of 7.6 to 7.9; 
dissolved  oxygen  level of 5.7 m g L  to 5.8 m e ;  and salinity of 28.6'/, in the 35d  tests and 
29.3OI- in the 29d tests. Control survival was 85% in the 26-d  toxicity test and  78 to 82?? in the 
3 5 4  to,$city  test. The 26-d NOEC  value  and  LOEC values for L. lewis were 0.50 p g L  and i.0 
p a ,  respectively.  The 3 S d  NOEC  value  and  LOEC  value  for L. fenuis were  0.25 pgR. and 
0.50 pgL, respectively.  These  values were not used because chlorpyrifos concentrations were 
nominal  and 2.5d old fry were used instead of <48-h old embryos. 

Goodman et al. (198Sa) - In 1985,28d flow-through toxicity'tests were  performed  by the US. 
EPA on  technical grade chlorpyrifos  (92%) with 32 to 36-h  old  embryos of Atlantic  silverside 
Menidu menidu. Commonly recognized testing  guidelines  were not  mentioned. Five 
concentrations of chlorpyrifos  were  tested  and  a solvent control  was used. One  replicate per 
concentration was tested. Chlorpyrifos concentrations were  measured  weekly  and  averaged  48 to 
132% of nominal concentrations. Water quality parameters  during  the test averaged: temperature 
of 25 22°C; pH was not  mentioned;  dissolved  oxygen  level of 5.2 m a  to 5.5 &; and  a salinity 
of 1 So/, to 2Tll,. Control  survival  was 4 1%.  The NOEC value and  LOEC  value for M. menidia 
were 0.28 pglL and 0.48 pa, respectively.  These data were  not used because control survival 
in chronic  toxicity tests must be greater than 60% (ASm 1988~). The M. menidia tests had a 
control survival of 41%. This test also included tests using inland  silverside Menidia beryIlim 
and tidewater silverside Menidupenimlae. These tests were acceptable  and are desaibed m 
Accepinble chronic iaricity test abstr-. 

Keminn and Van W1ingaarden  119923 - In 1992,21d static toxicitytests were  performed by the 
Research Institute for Nature Management,  Netherlands on technical  grade  chlorpyrifos (99%) 
with <24-h old cladoceran Dqhnia m o p .  Commonly recopzed testing  guidelines were not 
mentioned. Six concentrations of chlorpyrifos  were tested and  solvent  and  dilution water controls 
were used. Two replicates per concentration  were tested. Chlorpyrifos concentrations were 
measured at the bepinnine, of each  test  and  averaged W !  of nominal concentrations. Water 
quality  parameters  during the test averaged: temperature of 19.5  +o.S°C; pH of 6.8 to 7.0; and 
dissolved  oxygen  level of 7.7 mg& to  8.8 mg/L. Control survival  was  100%.  The  NOEC  value, 
based  on reproduction, for D. mugnu was 0.1 pgL.  These values  were not used becaw a LOEC 
value was not determined  and  concentrations  were  not measu~ed during the test. 
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